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Investigate 
Robotics 


with a 


The high-tech robotic system designed for 
education, research and industry— robotic 
arm, power pak, controller card, cables, 
150 page manual and tool kit 


The RHINO'- XR-1 is built with the same 
operating technology as large 
industrial robots. 

• Compatible with all computers 
having RS-232C interface (3 wires) 

• Digital choppers on all axes 

• Six powerful DC Servo gear motors 

• Controller card with Intel * 8748 CPU 

• Rigid %" aluminum arm construction 

• Built-in self-test program 

• Specs: reach— 22.5" maximum, 

height— 32", width — 14" 
grasp— opens 2 " 

(larger opening available) 
lift— 1 lb. at extension 

• Options: two hands with seven 

finger combinations, 
computer controlled carrousel, 
conveyor and lateral slide base 


Available for immediate delivery. 
Shipped F.O.B. Champaign, ILvia UPS 
in Continental USA. (Illinois residents 
please add 5% sales tax) 

We reserve the right to alter prices 
and specifications without notice. 
Dealer/Rep. inquiries invited. 


Sandhu Machine Design, Inc. 

308 S. State, Champaign, IL 6182C 
217/352-8485 


Hands-orvl ntr^uctttm4o R^BOTI^T^ 
The ManuaTfor XR-1", rneltrded 
with the robotic system, may t>e 
purchased separately @ $20 ea. p.p 


RHINO. XR-1 


Complete Robotic System 

$2400 
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ROBOTIC GRIPPERS FROM STOCK 

As you know, more and more manufacturing processes ore 
employing robotics for upgrading quality ond improving profitability 
Our stock grippers and related robotic components operate on pla 


with simple control systems and ore ideally suited for tedious or hazardous 

operations. SMART MOVE. . . GET OUR CATALOG. f 1 

LO-PROfile^ Actuators 

CORPORATION See us at Wescon- 82 , Anaheim Convention Center, 

flac^^afr^u^zona 75g?*V 602] sss-vi'so September 14 - 1 6 th, Special Robotics Exhibit Area. 



WE’RE OPENING 
THE HIGH FRONTIER 


JOIN US 


Robots are the fingers and feet of the future.’ The 
leading edge research needed to break out into* the 
frontiers of space is happening now. And people like you 
are the support of that research, j ' 

Your interest in and knowledge of robotics puts you at 
the front of the push to tomorrow. Find out more about the 
research the Space Studies Institute in Princeton, New 
Jersey funds by circling the Reader Service Card 
Number. .• . ‘ * 

. Join us in opening The High Frontier. % 

195 Nassau St., Princeton, N.J. 08540 


f NEW ALTERNATIVE^ 
IN STEP MOTORS 



Through the use of innovative 
design techniques, the most basic ‘J’ 
version can cost as little as $15.00 (in 1000 
pc. quantities). The minimum static torque is 
30 oz. in., and both 3% and 5% accuracies are available. Other 
variations are 6 and 8 lead units, as well as any mechanical or 
electrical modifications your particular application may require. 


Now, you no longer have 
to choose between two 
desirable objectives. Rap- 
idsyn’s new ‘J’ Series 
Motor can give you the 
best of two worlds, by 
approaching the perform- 
ance of expensive 1.8° de- 
signs and also providing 
about the cost of sheet- 
metal designs. 


If you’d like to try this new alternative in your design, we’ll send 
you a sample for $30.00. All you have to do when you order is 
specify a 6 or 4 lead unit. 


We offer a full line of Step Motor alternatives and would be happy 
to help with your particular application. Ask for our new Step 
Motor catalog. 


Danetics® Division, Dana Corporation 
Rapidsyn Products 
11901 Burke St. 

Santa Fe Springs, CA 90670 


^^Phor 


Phone: (213) 945-5511 


DANETICS * 
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Industrial robots depend upon Moog 
servovalves for control of 
position, velocity, acceleration and deceleration 


The robot population is growing exponentially as man- 
ufacturers seek higher productivity and lower operating 
costs. 

A high percentage of the industrial robot population will 
be controlled by Moog Servovalves. These valves 
provide precise control of the many functions on today’s 
robots, which are performing a wide range of tasks, 
including materials handling, all types of welding, 
painting, and intricate assembly operations. Moog 
provides a full range of servovalve sizes to fit the needs 
of the complete spectrum of robots. These valves are 
available with intrinsically safe coils for painting robots 
and others designed for hazardous environments. 

To assure robot users of production continuity, we have 


fully equipped and expertly staffed servovalve service 
and repair departments in East Aurora, NY; Monterey 
Park, CA; England, France, West Germany, Sweden, 
Italy, Japan, Australia and Brazil. 

For more information on Moog Servovalves, our “fast 
turnaround” repair service, or factory-rebuilt “reman- 
ufactured” valves, write to Moog Inc. Industrial Division, 
East Aurora, NY 1 4052. Or telephone us at 71 6/652-2000. 
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Editorial 


Assessing Investments 
in New Technology 

By Carl Helmers 


\ Mk Me live in an age of created splendor. New technology creates 
\M\M new opportunities. New technology is the fascination of 
W W the engineering experimenter who is the typical Robotics 
Age reader. There is the notion that out of innovative plan- 

Ining, experimentation, and design we can obtain results 

that would not have previously existed. 

Our editorial activities at Robotics Age reflect this in numerous 
ways. We’re experimenting with the Robotics Information Service 
idea described last month. All our editors are also professional 
technologists — a combination which is rare in journalistic circles, 
but necessary for the informed evaluation, selection, and production 
of quality technical articles. 

Likewise, our readers are typically involved professionally in some 
form of technological activity as engineers and scientists, or in private- 
ly funded design experimentation. Robotics is the catch-all appella- 
tion for the new technology of intelligent machines. We’re all involved 
in creating new technology. That is the purpose of trying experimental 
approaches to system design. Why else would we try new directions 
aimed at the holy grail of a personal domestic robot or the totally 
automatic factory? 

New technology also involves entrepreneurship. Given human 
predilections for bureaucracy and conservatism, rare is the existing 
company which successfully breaks into new technical marketplaces. 
Development of new businesses is a requisite part of new technologies 
like robotics if they are to last in the sphere of human action. The 
experimenter with the right combination of talent, ability to interact 
with other people, and persistence will always succeed in a private 
reenactment of the traditional Horatio Alger story. 

We’ve seen this earlier in a previous phase of the intelligent machine 
revolution that resulted in the modern abundance of personal com- 
puters. Steve Jobs and Steve Wozniac were literally operating in a 
residential garage in Los Altos, California when Apple Computer was 
started circa 1977. Dan Fylstra began the company which is now 
VisiCorp in a student domicile in the vicinity of Boston. Similar op- 
portunities now await for new companies and new technologies in 
the new wave of further intelligent machine applications. 

I’m often asked questions about the process of innovation in 
technology and for an evaluation of the technologies that are un- 
folding in the marketplace. To the best of my ability, I’ll always try 
to provide some insight when asked; I find that being open and ac- 
cessible with people is the best way to expand one’s knowledge 
and information base through the simple act of trading views in 
conversation. 
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i 1 Robotics Applications, Artificial 

■ 1 Intelligence, Machine Control, & More! 

r i 1 fe 

!=! Ackerman Digital Systems, Inc. 


Our Single Board Computer, utilizing the powerful MC6809 micro- 
processor, gives you exceptional computing power. Speech synthesis with the 
Votrax SC-01 * I.C. for unlimited capabilities. Our powerful small Basic, (in 2716 
eprom), residing on-board in our MC6809 S.B.C. gets your system up and run- 
ning ot o low cost, but with plenty of power. All of the above combined into 
our 3 slot Mother Board means portable power! 

♦VOTRAX. TRADEMARK OF FEDERAL SCREW WORKS, INC. 

We have it all! 

And o lot more, including o prom programmer S-100 card, (programs 
14 different devices), sound effects, a prototyping cord, all compatable with 
the I.E.E.E. 696/S-100 bus. 

You need to know about us! 

As the saying goes, we hove solutions looking for a problem, well- 
engineered solutions. Coll or write us today for o complete catalog. 
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Ackerman Digital Systems, Inc. 
110 N. York Road; Suite 208 
Elmhurst, Illinois 60126 
(312)530-8992 
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complete with specs and prices. 

SMALL PARTS INC. 


P.O. Box 331736 
Miami, Florida 33133 


C3053 751-0356 


Editorial 


Sometimes this expands beyond the one-on-one 
scope of a phone call. Give me a podium, a plane ticket, 
and an audience, and I’ll give a talk on the subject of 
intelligent machine technology anywhere. An exam- 
ple of this kind of request was a call recently asking 
if I would talk on the subject of robotics technology 
as an area of financial investment. The podium is at 
the National Committee on Monetary Reform’s Ninth 
Annual New Orleans Investment Conference in Oc- 
tober of this year. (Dates: October 23-27, contact the 
NCMR Conference Office, 4425 West Napoleon 
Avenue, Metairie, LA 70001, (504) 626-5641 for 
information.) 

What does it mean to evaluate a technology like 
robotics for an audience of business people? Lately 
there has been quite a general press fascination with 
the charismatic term “robotics.” We’ve seen the tip 
of the iceberg in recent Media Sensors materials 
published here. I get many phone calls from general 
press people asking all manner of questions about the 
subject. The interest is there, but is there substance? 
How does the non-technologist find a potentially good 
investment in a technological field? 

After some background thoughts on the subject, the 
goal of this writing is a first approximation of a 
checklist of technology business considerations. 
Readers with a technological background will find this 
list helpful in preparing their own ideas about becom- 
ing entrepreneurs; readers with a business background 
will find this list useful in evaluating particular 
technological bright ideas. 

What makes a new industry appear is basically a 
trend in the underlying technology that is supported 
by companies specializing in that trend. Robotics is at 
the early stages of such a trend. Some of the companies 
involved are new; others are existing companies 
pushing toward a new business area. 

From the point of view of your basic, garden varie- 
ty business mind, there are two items of concern: a 
product to produce and a marketplace in which to sell 
it. The business development (investment) process con- 
sists of identifying the potential combinations of prod- 
ucts and markets, then proceeding to use existing finan- 
cial and talent resources to establish an enterprise that 
links the two. Robotics fits this model as well as any 
high technology area of business activity. 

For many high technology products, the time re- 
quired to develop the product can be considerable. 
Time for development takes money, so an evaluation 
must be made concerning the probability of successful 
conclusion of the development in a particular time 
frame. 
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Sometimes evaluation of this probability is easy. If 
we already know how to do something, the research 
and development necessary for the new idea will be 
relatively small. This is the case when the new product 
simply requires application of conventional practices 
to a new situation. There will almost always be 
technological artisans (engineers and designers) to 
develop the application over a period that can be 
measured in months. 

Is the process or product marketed by that company 
a new application of existing technology? Consider, 
for example, a case involving addition of a new level 
of control sophistication to a manufacturing process. 
The intelligent machine here is a specialized 
microprocessor controlled example of the ancient art 
of custom tooling. Oversimplified, it is an application 
of conventional closed loop digital feedback tech- 
niques to a very conventional process that has been im- 
plemented until now with open loop electromechanical 
control technology. The time frame involved in this 
kind of development is on the order of six.months to 
a first prototype. The goals are clearly seen and easy 
to evaluate. 

All the subsystems are “off-the-shelf,” combined 
into a system for a particular purpose — not much in 
the way of exotic long term research and development. 
The combination is new. The intelligent machines 
technology consists of applying these off-the-shelf 
techniques to a new situation. A company involved in 
this kind of incrementally new technology has few 
marketing hurdles in convincing its customers to use 
the improvements. They are often justified by simple 
demonstration. 

Consider another case of a company going into 
business to make a domestic robot vacuum cleaner. 
This is a combination which requires manufacturing 
skills of the appliance industries, cleverness with ar- 
tificial intelligence simulations of organisms with 
goals, resources and sensors, and fundamental 
knowledge of electronics, electromechanical inter- 
faces, sensors, and microprocessors. As a system 
design it is unique and new, but this is the only area 
of fundamental research. All the parts and pieces are 
off-the-shelf conventional technologies. The addi- 
tional complication of designing the whole sysem from 
scratch makes the required applications development 
longer and more complex. The goals are much more 
nebulous than in the first case. 

The market is also much more uncertain — since, 
in general, people have never bought robot vacuum 
cleaners before. In fact, they’ve never bought ap- 
pliances that move under their own power in an 


Explore the Realms of 
Artificial Intelligence 

COMPUTER 
VISION 

by 

Dana H. Ballard and 
Christopher M. Brown, 

University of Rochester 

Dana Ballard and Christopher Brown bring the 
benefits of intelligent automation to a wide audi- 
ence that now includes psychology, computer 
graphics, and image processing. Basic informa- 
tion is presented clearly and coherently, with a 
strong emphasis on concept as opposed to com- 
plex mathematics. 

t MACHINE 
PERCEPTION 

Southern California 

Ramakant Nevatia provides a major contribution 
to this still-maturing field as he groups new 
techniques by their common themes to create a 
thorough overview. A valuable reference, both the 
basic concepts of machine perception and well- 
developed theories are examined. 

LOOK FOR THE COMPUTER VISION AND 
MACHINE PERCEPTION REVIEWS IN 
THE “NEW PRODUCTS” SECTION OF 
ROBOTICS AGE 



Please send copies of MACHINE PERCEPTION by 

Nevatia at $28.00 per copy and copies of COM- 

PUTER VISION by Ballard and Brown at $39.95 per copy. After 
I’ve had a chance to examine the book(s) for 15 days, I’ll send the 
indicated price plus a small charge for shipping and handling. 
OR return the book(s) and owe nothing. 

Bill me at the list price under the above terms. 

Payment enclosed — publisher to pay all shipping 

and handling charges. Same full refund, same return 
privilege as guaranteed above. 

NAME 


ADDRESS. 
CITY 


. STATE. 


.ZIP. 


FOR FASTER SERVICE, CALL TOLL FREE (800) 526-0485 BETWEEN 
9:00 a.m.-4:30 p.m., ESI Mon.-Fri. 

(not applicable in New Jersey, Alaska, Hawaii, or Puerto Rico) 

Mail to: 

Prentice-Hall, Inc., Dept. MOB, 

Englewood Cliffs, NJ 07632 


Prentice-Hall 
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LOGICSIM: For board or 1C logic designers 


Before you Troubleshoot 
Another Breadboard 
Take A Look At Our 
Professional Logic Simulator 

Guarantee funtionality of complex circuits, increase 
design productivity, cut down product development 
cost. 

Available now is LOGICSIM’“the first low-cost logic simulator with capabilities 
comparable to industry standard simulators, those costing up to $50,000. LOGICSIM 
makes complicated design, test and verification easy. Nine logic states, expandable macro 
network library, ability to simulate TTL/NMOS/CMOS/PMOS, three-state, wired-or and 
transfer gates, plus numerous other features make it the most powerful and usable design 
tool on the market. For more information, call (408) 578-8096. Or write: 

E/2 ASSOCIATES, 5589 STARCREST DR, SAN JOSE, CA 95123 
U.S.A. Price is $276.00 CP/M based 64K systems (Apple’s with CP/M card). CP/M is a 
registered trade mark of Digital Research Inc. Apple is a registered trade mark of Apple Com- 
puter Inc. 


LOGIC 

STEPPING 

MOTORS 

These motors interface 
easily with TRS-80*, Apple II* 
and Sinclair ZX-81 computers. 
Schematics and test programs are 
included with each order, free 
of charge. 

TYPE TSM-1 Unipolar 
OPERATING VOLTAGE 5V DC 
HOLDING TORQUE 36 oz./in 
STEP ANGLE 7.5 

WEIGHT 600 gm 
‘TRS-80 is a trademark of Tandy Corp. 







$44 ea 

■ ■ 2 for $20.00 


Cal. res. add 6% sales tax 

add $1.50 per TSM-1 shipping & handling 

'APPLE II is a trademark of Apple Corp. 


NEW! 


TIP TRANSISTORS .99 each 
NPN Darlington w/internal 
clamping diodes 
65 Watts 

(Perfect to drive stepping motors) 

BLANK PROMS 

Can be used to control 
stepping motors 
SINK 100mA each 
SINGLE 5V SUPPLY each 
7603 32 x 8 PROM $1.95 

7621 512 x 4 PROM $2.95 

Cal. res. add 6% sales tax 

add 5% for shipping and handling 


STEPPING MOTOR 
CONTROLLER 1C $9.95 each 
UCN-4202A 

• 600mA internal 
power drivers 

• Single 5V supply 

• Schmitt trigger inputs 

• Open collector outputs 

• Transient suppression 
diodes on output 

• More features than SAA 1027 
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autonomous fashion. Thus, in this kind of a consumer 
product development the marketing risk is much 
higher — and the potential market size is much larger. 
This is a product which is analogous to the first per- 
sonal computers. 

A basic point in considering potential business in- 
vestments in the new technologies of robotics is this: 
Make a delicate balance between the radical new and 
the conservative old. An enterprise which is to be suc- 
cessful needs the fewest barriers to sales of its products. 
Making a product which takes into account the old and 
established ways of accomplishing things, but using 
new and radical ways of thought, has a much higher 
probability of success simply because it has a ‘ ‘foot in 
the door.” Thus, improving the flexibility of a con- 
trol system and adding dynamic quality assurance 
testing during the manufacturing process is an in- 
cremental technology gain which does not require ex- 
tensive dedicated research and development for that 
purpose alone. The research and development that 
went into putting microprocessor systems and the re- 
quired sensors on the shelf is reflected in their market 
prices. 

Fundamental research has a much longer time frame 
for payoff than applications research. The corollary 
is that the leverage of a company doing fundamental 
research is much higher. But can the prospective com- 
pany carry out the research involved? 

There is always the “track record” effect to con- 
sider. A bright-eyed and bushy-tailed would-be en- 
trepreneur who claims to have a revolutionary and 
wonderful new process or product should be looked 
at with a skeptical and jaundiced eye. The 
philosophical position is that he or she who makes a 
positive claim has the burden of proving that claim. 
His or her record in previous work will almost always 
suggest whether the claims are real. Verify the context 
out of which the idea was created. 

For an extreme example of a case where skepticism 
is warranted, consider the owner of a fast-food fran- 
chise who claims to have invented a new, large scale 
integration semiconductor production process. It’s not 
too likely. Both industries use ovens, but the similari- 
ty ends with the word. The probability of reality im- 
proves if you find that he bought that fast-food fran- 
chise as an incidental investment from the proceeds of 
an earlier cycle in the microprocessor industry. 
Stranger things have happened. He may have bided his 
time in the fast-food business to await expiration of 
an agreement not to compete or equivalent legal 
consideration. 

Going too far away from the conventional practices 
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can require a corresponding amount of persuasiveness 
and patience. A bright technologist discovers a way to 
do some process and demonstrates it. Then he is faced 
with the problem of taking it to market. Thus we have 
the well-known syndrome of “an answer seeking a pro- 
blem.” During the time when the answer is seeking a 
problem, we are in an intellectual and financial ven- 
ture investment situation: A method or technique is 
being researched to see where it ultimately can be used. 
The skeptics among the potential customers abound. 
The product is probably not even finalized. This kind 
of a situation where there is no clear goal of target 
market is one to be avoided. If the potential business 
idea cannot be explained in such simple terms as “who 
buys it” and “what it does,” then it is a much more 
speculative — perhaps even foolish — enterprise. 

Let’s Make A Check List. Here is a list of considera- 
tions to employ when evaluating a potential robotics 
or intelligent machines business idea for the purpose 
of investing in it. 

1 . Evaluate the Company. Is it an existing company 
with one or more fundamentally profitable businesses 
out of which the robotics oriented new products are 
being evolved? If so, then be aware that the robotics 
aspect of the business may be a small part of the whole 
picture — yet the risk will also be much lower. For ex- 
ample, a large electrical equipment manufacturer may 
be adding a robotics line, but compared to its total 
business now and in five years, this line may be a very 
small part of its operation. The effect of that new 
product on its total enterprise may be small. In con- 
trast, for a small company with only one or at most 
several products, the effect of those products on its 
overall performance may be huge. 

2. Evaluate the People. A company is but an 
organization of people. If the people involved with the 
potential new business have no track record, then 
neither does the company. A totally new company 
started with people who’ve been working in a similar 
business area prior to the startup is a sure thing relative 
to the shaky prospect of someone caught up in the 
romance of the field. 

Where I live in the New England countryside, we see 
a similar effect all the time. This is the “country 
restaurant effect. ’ ’ There seems to be a continual sup- 
ply of people who think it would be romantic to run 
a country inn. They go out and buy the inn, work like 
dogs for two or three years, then get fed up, and leave 
the business. Sometimes, however, an inn that has 
“failed” several times is taken over by a person 
familiar with the restaurant trade as opposed to roman- 



Don’t waste samples on input which 
contains no added information. 

The two-card P1XELCASTER® 


(S100 size) allows powerful image processing via RS-232. 
Using a map, it samples a group of Pixels, and returns them 
to the host in ASCII. Application programs can be written in 
any language. System $1485 

DIGITAL CONTROLLER PDC-8106 $790 

• 256 x 256 x 4 Sample Resolution per Field 

• 1024 Sample Points independently positioned anywhere 
on the screen 

• Programmable Sample Output Order 

• Z80A CPU Intelligent Image Preprocessor 

• RS-232 300 - 19.2 K BAUD, 2 CH. Modem Control 

• 2716/2732 Prom based Monitor 

• ASCII Command Protocol Load, Dump, Sample, 
Reset, Load, Offset 

• IK BYTE Ram Buffer for Code and Data, memory 
expandable via card connector 

• Real Time Interrupts: Horiz. and Vert. Sync 

• Pixel Positions base register addressed 

• NM1 Switch for program development 

VIDEO INTERFACE PVD-8000 $790 

• NTSC Video Input - RS170 

• Precision Window Digitizer — dual threshold 

• Sample Clock 3.58 MHz locked to color carrier 

• 32 Sample Modes — 32 Output Display Modes 

• Intelligent Sync Extraction 

• Auto/Computer Frame Control 

Video Expansion Card — Available Soon 

• 14 MHZ Sample Clock — resolves 70 ns 

• 4-Bit Video Digitizer — resolves 16 levels 

• Dual 8-Bit DACS — set digitizer window 



• TEXT : 
RECOGNITION 



VISION 
PERIPHERALS 

2612 W. Lincoln, Suite 301 
Anaheim, CA 92801 
(714)952-1176 


EYES FOR ROBOTS 


Use the science of ULTRASONICS to give your robot vision. 
Bats use this technique to navigate. 



The ultrasonic Ranging System sends out bursts of high frequency sound 
waves which will reflect from objects in their path. The reflected "Echo" is 
detected by the electrostatic transducer and distance to the object is 
automatically computed and displayed. Interface this to your computer!! 


Uses: Robotics, Level Measurement , Vehicular Sensing Systems, Security 
Systems ( makes a great intrusion alarm). Electronic Tapemeasure, etc. 


Polaroid's Ultrasonic Ranging System Designer's Kit contains: 
technical manual, two Polaroid instrument grade electrostatic 
transducers, a Polo nod ultrasonic circuit board, an 
experimental demonstration board with LED display, 
two Polaroid Polapulse batteries, battery holder, and 
necessary wires and connectors. Complete and ready 
to use. $150.00 


TERMS: All Herns guaranteed. Immediate 
delivery from stock. Check. Money Order or 
CO.D. - U.S, funds only. Add 3% for 
shipping and handling. (N.Y. State 
residents add 7%% sales tax.) 



P.O. Box 56 
Bellport, New York 11713 
(516) 541-5419 
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Editorial 


tically idealizing it. Then the same physical location 
will not run out of management energy again too soon. 

3. Beware Fashions or Knowledgeably Take Advan- 
tage of Them. Just because a company has the word 
robotics in its name does not mean it has any products 
at all related to the technology. I know of one exam- 
ple of a modem company which has the word robotics 
in its name. While a modem is a clever piece of 
technology, by itself and divorced from a system con- 
cept, it has no intelligence. Every fashion has its ris- 
ing trend which carries both the hot air and the 
substance up with it. Similarly in the robotics area, peo- 
ple often classify a robotics company as a company 
which manufactures programmable manipulator 
arms. It’s fashionable to make arms, but this omits 
questions of integrating those arms into application 
systems that work — systems with vision sensors, 
algorithms for strategic planning, interfaces to com- 
puter aided design, etc. 

4. Check Public Equity A vailability. In a really ex- 
panding, fundamental, and vital technology, the 
ultimate insiders are the people who create the 
technology that is wanted in the marketplace. A result 
of this is that there is usually a negligible quantity of 
publicly available equity. The ones that are publicly 
available are often tainted by rumor and hype in some 
way. 

5 . Debt Financing is Suicide. Don’t worry too much 
about dilution of stock, for additional equity invest- 
ment in a growing company carries no interest penal- 
ty. A company that finances its growth by the 
bootstrap process through sales and/or equity invest- 
ment will gain exponential growth for a while. The 
heavily debt-burdened company grows at best in a 
linear mode. 

6. Evaluate the Marketing Position. Cometoasense 
of what the new firm’s relationship to the marketplace 
will be. Is it going to be a pioneer attempting for the 
first time to persuade its customers to buy its products? 
Is the product a high priced one which requires a long 
decision making and evaluation process, or is it a low 
priced item with obvious capabilities and cost benefits? 
Does the product have a high probability for repeated 
sales to the same customer? A fairly detailed analysis 
of these and many factors can be developed. 

In Conclusion. This exploration is by no means com- 
plete. Evaluation of specific technology companies and 
their markets requires a detailed case by case examina- 
tion that is far beyond the scope of this sketch. To sum 
it all up, successful investing in high technology re- 
quires introspective eyeballs and an active mind. 
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Robotics is no different. Robotics is to the 1980s what 
minicomputers were to the late 1960s, what microcom- 
puter technology companies were to the 1970s, and 
what personal computers were to the late 1970s. □ 


Update on the Robotics Information Service. Since 
publication of the last issue of Robotics Age in late 
June 1982, we have been making further progress with 
the Robotics Information Service proposed in the Ju- 
ly/August 1982 editorial. For those who are starting 
a subscription with this issue, the Robotics Informa- 
tion Service is an example of what we are calling a 
“telecommunications robot.” It is a programmed 
automaton running in a standard garden variety per- 
sonal computer (a 4 disk Apple Pascal system). It 
answers the phone and speaks Bell 103 modem tones 
using a D.C. Hayes modem. 

Features of the initial implementation, now being 
tested, are a “Robotics News” text file which can be 
accessed over the phone, the ability to place Robotics 
Age classified advertisements, and routines to change 
an address or place a new subscription order. After it 
is completely tested and proven, we plan to have a 
phone installed that will be dedicated to this function. 
The Robotics Information Service will ultimately in- 
corporate bulletin board features for the community 
of robotics experimenters. It is a very specific and 
limited instance of an autonomous system existing in 
the environment of the North American telephone net- 
work at a specific address. Several readers began to 
participate in this experiment late in July. We’ll 
acknowledge their inputs and evaluations in a future 
progress report on the project. 

We’ll reiterate our call for participation in this ex- 
periment which was made in the last issue: If you’d like 
to try out the interaction of the Robotics Information 
Service, give us a call at (603) 924-7136, and we’ll ar- 
range a time for you to call in to interact with our com- 
puter. Then we’ll get back together on the phone and 
take your evaluation of the design — with ample op- 
portunity to suggest improvements. 


Join the robotics 
revolution now! 



• An onboard microprocessor 
with RS232C interface to 
allow operation with most 
computers 

• A built-in "intelligent" 
gripper that can sense 
objects and their size 
Joining the robotics revolu- 
tion is easy with the TeachMover 
from Microbot. For more in- 
formation on the TeachMover 
and other Microbot products, 
call toll-free (800) 227-8909 

for the name of the Microbot 
representative nearest you. 

In California or outside the 
continental U.S., call collect 
(415) 968-8911. 

MICROBOT 

Microbot, Inc. 

453-H Ravendale Drive 
Mountain View, CA 94043 


City 

State ZIP 

Telephone 

RA 


With TeachMover, the 
low-cost, self-contained 
developmental robotic 
arm. 


Microbot's new Teach- 
Mover robotic arm brings 
unique freedom to robotics 
development with its exclu- 
sive 13-mode "teach control." 
This simple set of buttons lets 
you program complex rou- 
tines with ease — without 
having to learn languages or 
enter long commands. No 
other comparable unit has 
anything like it. 

Priced at only $2,395, the 
TeachMover is ideal for engi- 
neers, educators, and hobby- 
ists alike. It has: 

• Five axes of movement so 
that it closely simulates 
full- scale industrial 
robots 


(Title) 

(Company) 
Address 


Join the Microbot user group! 

Share your applications, software 
development projects, and ideas in a 
newsletter offered free through no-cost 
membership in the Microbot user group. 
For details, fill out and mail this coupon to 
Microbot, Inc., 453-H Ravendale Drive, 
Mountain View, CA 94043. 


Name 
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The 

Mean Little Kit 



New compact 24-piece kit of electronic tools 
for engineers, scientists, technicians, 
students, executives. Includes 7 sizes 
screwdrivers, adjustable wrench, 2 pair 
pliers, wire stripper, knife, alignment tool, 
stainless rule, hex-key set, scissors, 2 flex- 
ible files, burnisher, miniature soldering 
iron, solder aid, coil of solder and desolder- 
ing braid. Highest quality padded zipper 
case, 6 x 9 x 1%" inside. Satisfaction 
guaranteed. Send check, company purchase 
order or charge Visa or Mastercharge. We 
pay the shipping charges. 

JTK- 6 T 00 I Kit $95.00 


Free Catalog! 

Page after page of hard- 
to-find precision tools. 
Also contains complete 
line of tool kits and tool 
cases. Send for your free 
copy today! 

JGNSGN TOOLS INC. 

7815 S. 46th St., Phoenix, A Z 85040 



BUILDING A ROBOT?? 
Use a CYBERPAK controller! 

The CyberPak MC-2 is a smart terminal! 
is a development system! 
is compatible with your CPM system! 
runs stand-alone or slaved! 
handles multiple processes! 

The MC-2 monitor allows upload or down- 
load of PROCESSES with your host com- 
puter. Then with the umbilical cord dis- 
connected, can run stand-alone those real- 
time processes that you require in your 
control application. The MC-2 monitor 
allows up to 64 processes depending upon 
memory and time constraints. 

The MC-2 is functionally a 64x16 or 
80x24 format display generator, providing 
generation of the full ascii character set, 
forms, and bar graphics plus custom pro- 
grammable character set. Two complete 
serial channels, 2 parallel channels, mem- 
ory mapped video display, 64k main mem- 
ory options, and real time clock. And for 
this the MC-2 requires only a 12VDC 
power source. 

The MC-2 options listed are available now, 
however, planned options are 5” and 8" 
double density floppy disk, multiple step- 
per motor driver interface, digital voice 
editor for speech capability, and a remote 
communications option. 

Introductory Prices III 


MC-2 64k RAM, 16x64 Video, 2 Serial, 

4kEprom requires 1 2 Vdc. . .$489.00 

As above+80x24 Video $525.00 

1 1 7 VAC power supply $ 40.00 

Dual stepper motor driver card . .$ 50.00 

* Manual/applications $ 15.00 


Cyberpak, P.O. Box 38 
Brookfield, IL 60513 
Want to know more ?????? 
Phone today! (312) 387-0802 
ask about disk and CPM! 
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Media 
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IEEE Computer 

June 1982 page 8. 

“A Computer Vision and Robotics 
Laboratory” describes the creation of an 
experimental computer laboratory. 
Composed of five basic parts (central 
processor, robotic manipulation, color 
image acquisition, color image display, 
range data acquisition), the system is 
flexible to allow various parts to be 
altered and replaced with a minimum im- 
pact on the entire system. The equipment 
which has been gathered is off-the-shelf 
technology. By creating modular sub- 
systems, each part of an experimental 
robot set-up can be exercised individually 
and then easily integrated into the final 
whole. 

Although much of the article describes 
a specific robot system, the overall ideas 
presented will be a major help to anyone 
interested in developing a multi-purpose 
robot test-bed. 


Venture 

June 1982 

An article titled “A Fast-Approaching 
Shakeout in Robots” asks the question, 
“What will it take to stay afloat ... in 
the infant robot industry?” The answer 
is megabucks. The race seems to be on 
to attract more venture capital among the 
rapidly growing number of small robot 
companies. According to the article, 
start-up costs for new robot companies 
are between $5 million and $10 million. 
The author, Kevin Farrell, says that 
although the smaller companies believe 
the entrance of large companies such as 
IBM, Bendix, General Electric, and 
others has helped to legitimize the in- 
dustry, the smaller companies fear com- 
petition with such well capitalized 
companies. 

It appears that many venture capitalists 
are taking a “sit-back” attitude regarding 
robot companies just when these com- 
panies are seeking additional financing. 
Some venture capitalists cite rising com- 
petition and lack of good deals to explain 
the lack of available money. The much 
discussed recession is also affecting the 


fledgling robot market. Potential 
customers are not willing to invest up- 
front money for retooling factories. 

Robot manufacturers are not the only 
ones feeling the current money squeeze. 
Robot consulting firms, research corp- 
orations, and leasing companies are all 
seeing the same lack of funding. Several 
companies have found a road to temp- 
orary riches through public stock of- 
ferings. 

Although most of the article describes 
the problems currently being experienced, 
it does end on a high note. The number 
of people available for the American 
work force will be one million fewer in 
1 990 than presently. This will most prob- 
ably increase the demand for robots. The 
question is , how many of the current com- 
panies will survive until 1990? 


New England Business 

May 17, 1982 page 16. 

“Factories of the Future As a Man- 
agement Challenge” is an article which 
looks at the robotics revolution from the 
viewpoint of factories. The current 
robot market is quite confusing to both 
manufacturers and buyers. According 
to Stan Polcyn, executive vice president 
of Unimation, Inc., “There are more 
people coming into the business than 
there are customers.” 

The article stresses that factories 
being converted to automated assembly 
and new factories being planned for the 
future must produce a plan to cover all 
aspects of automation. According to 
Leonid Lipchin of Arthur D. Little 
Inc.’s Computer Integrated Manufac- 
turing Group, “Robots are only one — 
and by no means the most important — 
component of the factory of the 
future.” Computer-assisted design 
(CAD) and computer-assisted manu- 
facturing (CAM) play the major roles 
in creating an efficient automated fac- 
tory. Mr. Lipchin believes, “You have 
all this technology available, all the 
components of the factory of the future 
you can buy today. But people don’t 
know how to integrate them. . . . the 


Media 

Sensors 


factory of the future is not just a bunch 
of technology.” 

Mr. Lipchin’s comments provide an 
excellent summation of this article. 
Many aspects of automation must be 
considered: return on investment, in- 
tegrating new technology into existing 
assembly lines, reactions from labor, 
and so on. Robots are not just new 
technology which can be added random- 
ly to current manufacturing situations. 
Much planning is required to fit the 
machinery to the operating 
environment. 


Electronic News 

June 21, 1982 page R. 

“Wide Spectrum of Robotics Use Ex- 
plored at Conference’ * is an article about 
the Control Expo show in Rosemont, IL, 
which delved into the current and future 
demands being placed on the robotics in- 
dustry. These demands range from 
“developing the rudiments of universal 
programming to simply speeding them 
[robots] up.” One of the major requests 
is forapowerful, yet simpleto use, robot 
programming language. 

Mr. Roger Nagel from International 
Harvester Co. believes that “language is 
a key to long-term, widespread use of 
robotics — but the language must be built 
layer upon layer with the topmost being 
task-oriented. ’ * He believes that this will 
create a universal way to organize robot 
languages, even if it will not create a 
universal language. Mr. Nagel thinks 
robot programming languages should be 
shifted from explicit to implicit con- 
structs. FORTRAN, Pascal, and 
assembly language explicitly describe ex- 
act actions. An implicit language cor- 
responds with the task requirements. The 
APT (Automatically Programmed 
T ools) language is a step in this direction . 

The development of implicit robot pro- 
gramming languages would allow robot 
programming without the need for com- 
puter scientists at a factory installation. 
Implicit languages would also allow pro- 
grammers to work with a variety of in- 
creasingly complex sensors on a level 


which would not necessarily require in- 
timate knowledge of the sensor 
operation. 


Technology Review 

May /June 1982 page 35. 

“Industrial Robots on the Line” is an 
excellent overview of the uses of robots 
both in the assembly line and to increase 
the well-being of humanity. Although at- 
tention is given to future expected 
robotics advances, much of the article is 
devoted to current robot usage. 

Starting with an overview of the 
history of robots (including a short 
biography of George Devol, who 
patented universal automation, or 
unimation), the article progresses 


through a survey of where and how 
robots are used around the world. The 
current abilities and limitations of robots 
are discussed. This is another article that 
describes the need for explicit program- 
ming languages which allow program- 
mers to think about what the robot is do- 
ing and not how it is accomplishing the 
task. The article continues with a look in- 
to the future of robot manufacturing and 
how labor unions have reacted to the in- 
troduction of robots on the assembly 
line. 

Pictures are used throughout the arti- 
cle to describe robot controlled work sta- 
tions and robot vision methods and to 
provide a pictorial history of robot 
evolution. 


Heavy-Duty Optical 
Encoders 

Rugged Encoders for 
Industrial Applications 

Datametrics makes it 
easy for you to specify 
the best encoder 
for your application. 

Three rugged hous- 
ings are available 
with various shaft and 
mounting configurations. 

A wide selection of standard 
resolutions, frequency ranges and output 
configurations provides the electrical performance 
you require. Combine durability and precision with 
reliable Datametrics encoders. 

Datametrics also has an extensive selection of low cost modular and 
self-contained incremental encoders, heavy-duty absolute encoders and 
programmable limit switches. 

Call, write or circle the number 
below for more information on 
Datametrics encoders. 



datametrics 



Datametrics • Dresser Industries, Inc. 

340 Fordham Road, Wilmington, MA 01887 
TeL 617-658-5410 TWX 710-347-7672 
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COMPUTER CONTROLLED MOTION 


CONSIDER THE POSSIBILITIES. 


Robots. Factory Automation. Where 
computers and machines perform dirty, 
dangerous, degrading jobs, instead of men. 
All part of the Factory of the Future, the 
new Industrial Revolution. Compumotor. 
And you. 

Your proficiency with today's powerful 
microcomputer systems and pro- 
grammable controllers has ex- 
panded your vision of 
tomorrow and beyond. 

To a world where 
low-cost intelli- 
gence drives 
the products 
and processes 
around you. 

If there was a 
motor system 
as easy to lose 
as a computer 
peripheral, 
you could be in 
the forefront of that 
Revolution today. 

Such a system exists 
now and has been proven 
through years of operation 
and thousands of applications. The 
Compumotor system of motors, drives, in- 
dexers and computer interfaces gives you 
0.001 to 2.5 horsepower in packaged, plug 
together building blocks. Motion control as 
easy to understand as it is to use. 

Imagine simple computer commands, 
allowing you to position motors with resolu- 


tions to one millionth of an inch. 

Controlling motor speeds with an accuracy 
to 0.01% of set rate. Running motors at one 
revolution per day or up to 3000 revolutions 
per minute. Torques from 6 to 12000 in-oz 
(0.05 to 85Nm). Rotary resolutions of 400 to 
an amazing 50000 parts per revolution. 

No system in the world today 
offers the same combination 
of performance and ease 
of use. That is why 
Compumotor com- 
ponents are used 
in so many 
demanding 
applications: 
assembly 
and welding 
robots, ma- 
chine tools, 
automated 
grinders, semi- 
conductor fabrica- 
tion, laser scanning 
systems, noncontact 
measurement and in- 
spection, fiber optic pro- 
duction, follow focus and auto- 
focus systems, special effects gener- 
ators, optical printers and dozens of others. 

Plug your imagination into your computer 
and your computer into the Compumotor 
system. The possibilities are endless. 

For more information, call our Marketing 
Department (800) 358-9068 toll free outside of 
California or (707) 778-1244 collect in the State. 



The Computer Movement that started a Revolution 



1310 Ross Street, Petaluma, California 94952 
(707) 778-1244 / (800) 358-9068 / TLX 510-7442115 
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Letters 


Constructive Criticism 

Although I am somewhat apprehen- 
sive about the changes your publication 
has initiated during the past few months, 
I have decided to renew my subscription. 
After all, information about robotics is 
still rather scarce. I hope you will not 
mind, however, if I offer some construc- 
tive criticism. 

First, I found the cover of your 
May/June issue very disturbing. 
Although you offer the explanation that 
“inside every personal computer is a 
robot trying to get out,” the actual effect 
of the cover art is to threaten. I realize 
that the robot hand-and-arm must be im- 
mensely fascinating to the robotics hob- 
byist, but such devices will probably 
constitute only a minor part of overall 
robotics applications in the long run. An- 
thropomorphism will pass as intelligent 
machines take on forms scientifically 
calculated to perform in specific 
situations. 


In the inevitable backlash against an 
electronic society, fear will play an im- 
portant role in the reaction to new 
technologies. Robotics will bear the 
brunt of this reaction. Instead of seeing 
the automaton as a tool, many people 
picture it as a replacement that will take 
away their jobs. 

I am not advocating propaganda to 
hide the very real problems inherent in 
robotics. These new machines are going 
to displace workers, at least in the short 
term. Magazine covers depicting 
dangerous-looking pincer fingers do 
nothing to dispel the fog surrounding 
robotics work. Robots are extensions of 
the human mind, not replacements for 
the human body. You would have done 
better to have featured on your cover the 
extended vision system for the school bus 
driver, a serious application of modern 
technology, than to continue the fiction 
that robot arms are something more than 
minor offshoots of an exploding 
industry. 


Micro 

Systems 

Science 

Utilize the full potential 

achieve such feats as 

of your mechanical marvel. 

simultaneous control of 

Make use of what the 

axis maneuvering, 

microelectronics industry is 

manipulator operation, and 

offering you in control and 

local and remote sensing 

sensory capability. 

with properly applied 

Our expertise is in the 
development of 

microprocessor systems. 

sophisticated electronic 

If you don't believe it- 

control systems. What con- 
trol system application is 

call us. 

more sophisticated than 

4800 Kelley Elliot Road #27 

your ROBOT? 

Arlington, Texas 76017 

It is well within the abili- 
ty of current technology to 

(817)572-3953 




I would welcome your rebuttal and the 
comments of your readers regarding this 
point. 

My second comment has to do with 
the content of your magazine. I know 
robotics is a broad field, but I hope you 
will continue to carry the excellent 
technical articles of earlier issues. I refer 
specifically to Robert Cunningham’s 
“blob statistics’’ article in July/ August 
1981, and Carl Ruof f ’s trig functions in 
November/December 1981. Such pro- 
gram listings and mathematical concepts 
are extremely useful to the small in- 
venting firm, and I think we need your 
magazine as much as do the hardware 
makers. 

Thomas J. Menacher 
Secretary 
NEXT Systems 
Box 2671 

Toledo, OH 43606 


Robot School Request 

Do you have listings of Industrial 
Robotics Technical Schools for the Los 
Angeles, CA area? If you do, could you 
send me a copy or let me know how to 
find a robotics school for industrial uses? 
1 am interested in repairing both the 
mechanical and electrical parts along 
with maintaining software. 

Steve Johnson 
18414 Collins St #216 
Tarzana, CA 91356 

We have recently received several let- 
ters such as the above. At present, we 
have not found any listings of robotics 
schools. As a result, we are putting out 
this general call for information. We 
look forward to hearing from everybody 
who has information about robotics 
courses. If possible, send copies of 
course curriculum and people to contact. 


Some 4 4 Inexpensive ’ ’ Bugs 

I have recently become acquainted 
with your magazine, subscribed to it, 
and find it very interesting. The 
magazine has motivated me to begin 
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Letters 


robotics as a hobby. 

The May/June 1982 issue contained 
a very interesting article by Mr. 
Robillard (“An Inexpensive Arm-Hand 
System,” page 20) on the essentials of 
building an arm-hand system. I find such 
articles very useful, especially for begin- 
ners who may be hesitant to invest large 
sums in commercially available kits, and 
who would prefer to construct their own, 
basic models through which they can 
learn both the electronics and the 
mechanics of robotics. 

Mr. Robillard’s article contains 
several points which require further ex- 
planation. First, in Figure 5d, on the 
electronic forward-reverse motor con- 
trol, Mr. Robillard lists two PNP tran- 
sistors: 2N2967. 1 have not been able to 
obtain these transistors from Sylvania, 
Motorola, or RCA suppliers. Their cur- 
rent catalogs do not even list these tran- 
sistors as being available. Only a Radio 
Shack catalog lists an equivalent of the 
2N2967, but their equivalent is an NPN 
transistor which is not compatible with 
Mr. Robillard’s circuit. Second, in the 
same figure, Mr. Robillard does not 
specify whether the signal to change the 
motor direction is a positive or negative 
pulse. And third, in Figure 9 (simple 
servo description and circuit), the con- 
nection for the center tap of the poten- 
tiometer is not specified. 

I would be very grateful if these points 
could be explained, perhaps in more 
detail, since I have already started 
building a replica of Mr. Robillard’s 
model. 


Robert Cvetkovic 
1315 Lindenwood Court 
Lorain, OH 44053 


The 2 N 2967 transistors are actually 
2N2907 transistors. When the direction 
signal in figure 5d is high , it turns the 
motor in one direction and, when low , 
it reverses direction. 

The wiper arm (center connection) of 
the potentiometer should be connected 
to the MC3302 along with the lower end 
as shown in the accompanying figure. 
The dotted line from the motor shaft is 
used to show mechanical linkage be- 
tween the arm movements and the 
movements of the motor shaft. The 


diagram below shows the corrected form 
of figure 9 from page 28 of the 
May /June 1982 issue. 


+v +v 




Just Released 


Over 1350 New Small Drive Components 
— 768 pages — includes over 24,000 
off-the-shelf inch and metric Belt and 
Chain drives, gears . . . 


plus speed reducers, 
shafts, motors, couplings, 
universal joints, flexible 
shafts, special 
purpose fasteners, 
vibration mounts 
and unique compon 
ents such as 
constant force 
springs. Includes 55 
pages of new mini 
high torque timing 
belts and pulleys. 

To get your free 
copy of SDP Master 
Catalog 757, 


just check the Reader Ser- 
vice Number below or call 
516-328-3300/328-0200. 

from 

Stock Drive 
Products 

' Division of Designatronics, Inc. 

55 South Denton Ave., 

New Hyde Park, New York 11040 
Tel: (516) 328-3300/328-0200 
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ROVING ROBOTS 


by J.F. Derry, President 
MEP Systems 
1 538 Rowles Drive 
Akron, Ohio 44313 


Automated factories of the kind 
many people like to talk about are 
strictly theoretical until stiff problems 
regarding in-plant transportation of 
tools and materials are solved. For- 
tunately, there are at least two highly 
qualified vendors able to furnish un- 
manned vehicle systems to handle these 
problems: Eaton-Kenway and Barrett 
Electronics. 

Both vendors have sophisticated 
robot vehicles which are able to follow 
a wire buried in the floor (also called a 
guide path) and move at speeds of 2 to 
5 mph. These vehicles can find a 
predetermined location in the factory 
within an inch or so and complete 
whatever tasks are required of them at 
that location. 

Guide Paths: The wire buried in the 
floor (perhaps a quarter inch under the 
surface) is attached to a controller 
which emits a low-frequency radio car- 
rier signal to the wire that defines which 
wire (and thereby which path) the robot 
is following. The robot and the con- 
troller also keep up a two-way radio 
conversation via the wire. 

The controller monitors the location 
of each robot vehicle on its guide net- 
work and informs the robot of any fre- 
quency changes it is to track (that is, 
switches it from one guide path to 
another at guide path intersections). It 
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informs the robot of destinations and 
tasks and also keeps it from hitting 
other robots. 

Guide paths weren’t always so com- 
plicated. Barrett has installed guide 
paths that are simply a stripe of paint 
or tape on the floor which leads the 
robot around a loop. An optical track- 
ing unit is used for this type of guide 
path. 

Optical guidance has certain advan- 
tages: Among these are simplicity, low 
cost, quick installation, ease of making 
changes, and the need for minimal 
equipment. There are certain disadvan- 
tages as well: no monitoring, more 
maintenance of the guide path, more 
involvement of operating manpower, 
and no data transmissions. Optical 
tracking guide paths are used in 
warehouses, shipping and receiving 
areas, office mail robot routings, and 
also as people carriers. 

Trains: Electronic guide paths seem to 
have been used first by Barrett with its 
driverless tractors as the Guide-O- 
Matic (GOM) systems. The basic con- 


cept behind these driverless tractors 
was pulling trains of merchandise carts, 
one or many, as much as a hundred feet 
in length and weighing several tons, 
around a loop to deliver materials to 
and from a storage area at speeds up to 
6 mph. These trains work well with 
either optical guidance systems or with 
radio-frequency guidance systems. 
They have been a useful bridge concept 
from the older guidance methods to the 
most modern. 

Controlling the starting and stopping 
of trains is a problem. Due to momen- 
tum, the train takes time to accelerate 
or brake; the carts are also loosely con- 
strained. Only the tractor has detection 
and control equipment (including brak- 
ing), and precise spotting is difficult at 
best, usually impossible. The carts are 
only along for the ride. 

Unit-Load Robot Vehicles: Barrett and 
Eaton-Kenway both have unit-load 
robots which operate as individuals 
(never as trains) and are able to pick up 
or deposit loads of up to 6000 pounds, 
move the loads about the shop floor at 


Photo 1 at right: Eaton-Kenway Robocarrier in motion in the foreground with a second Robocarrier 
in the background. The background scene is a new concept in Flexible Manufacturing Systems (FMS) 
now in development at Cincinnati-Milacron. The Robocarrier is used to mount a part to be processed 
through the FMS cell, the part is transported to the precise spot required for the manufacturing opera- 
tion. A general-purpose robot capable of at least six degrees of freedom is used to carry the machine 
tool to the work part, the machine operations are carried out, and the Robocarrier continues on to 
the next station with the part. Photo courtesy of the Eaton-Kenway Corporation. 
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Photo 2: The Barrett UNICAR 140 and UNICAR 240. This particular vehicle is available with either single or bi-directional travel capabilities. The 
vehicle has a rated load capacity of 4000 pounds and can be equipped with either flat deck, roller deck (powered or non-powered), or a lift/lower deck. 


GUIDE PATH 



Figure 1. A block diagram of a typical Barrett Electronics Corporation Continuous System Monitoring processor arrangement. The CSM controls 
traffic along the wire guide path by sending instructions to the unmanned robot vehicles traveling the guide path using the wire of the guide path itself 
as an antenna. The vehicles listen for the instructions, listen for the carrier signal generated by the line driver, and transmit their own status informa- 
tion for the CSM, once again using the wire of the guide path as an antenna. 
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speeds up to 5 mph by the shortest route 
from source to destination, and find the 
destination within an inch. These unit- 
load vehicles are short and squat and 
are positioned directly under a load and 
carry it on their backs, alias load decks. 
They resemble a herd of turtles whiz- 
zing about on wheels with boxes on 
their backs. 

Unit-load vehicles move forward and 
backward and come complete with 
flashing red lights, bells that ding in- 
cessantly, and horns that sound at blind 
corners. They also have bumpers and 
whisker wires which stop them if they 
run into things on their guide path. 

Unicar: The Unicar unit-load robot 
from Barrett Electronics (a subsidiary 
of Mannesmann Demag) can be fitted 
with any of three types of load decks to 
accommodate the service it must 
render. The first is a powered lift-and- 
lower deck; the Unicar moves under the 
load (which is located on a stand), 
raises its deck until it is supporting the 
load, then moves off with the load. The 
second is a powered roller deck for 
receiving loads from conveyors and 


unloading to conveyors. The third is a 
flat load deck that is entirely passive; 
something else must load and unload 
the robot. 

The turning radius of the Unicar is 
four feet. On-board electronics, a 
microcomputer or static logic boards, 
are shock-mounted to separate them 
from the frame of the vehicle and pro- 
tect them from jarring. Power for the 
vehicle and the electronics all comes 
from on-board 24-volt batteries which 
are replaced every eight hours with 
newly recharged batteries. 

Barrett systems use wire guide paths 
under the control of a microprocessor 
known as a CSM (Constant System 
Monitor). The CSM continuously 
monitors the position and status of 
robot vehicles on their guide paths and 
transmits instructions to those robots. 
A typical system is shown in figure 1 . 

Vehicle positioning is determined by 
the “zone” the vehicle occupies when 
it reports in. A zone may be 50 feet in 
length, 100 feet in length, or whatever 
length fits the application. The reason 
for zoning is traffic control: Only one 
vehicle can be in a zone. The CSM does 


not allow a vehicle to move into an oc- 
cupied zone. 

The vehicle transmits status informa- 
tion, including its location and its con- 
dition, plus whatever other special in- 
formation is needed. The CSM in turn 
furnishes destination information to 
the vehicle plus the identity of the func- 
tions (and sequence) that the vehicle is 
to perform at the destination. The vehi- 
cle carries an on-board computer 
whose memory can hold 10 instructions 
at a time and which is capable of select- 
ing the shortest path from origin to 
destination. 

Robocarrier: Eaton-Kenway’s Robo- 
carrier System (manufactured under 
license from DIGITRON AG, 
Switzerland) is physically similar to the 
Barrett Unicar. The Robocarrier, how- 
ever, is only 22 inches high, which is a 
shade lower than its competitor, and is 
designed for a somewhat different 
spectrum of tasks. 

Robocarrier is often used to move in- 
coming materials for receiving to a 
warehouse, and from finished goods 
storage to shipping. A more important 
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THE ALL 
NEW !! 
ROBOTIC - 

LOW COST, PRECISION 
OPTICAL SHAFT ENCODER 


These encoders let the 
robotics designer measure the speed, 
direction and position of shaft rotation. They are 
also used in motor speed control applications. Available in a 
variety of shaft sizes, the 50 hole dual track pattern uses infrared pick-up 
optics and provides 2 TTL outputs in phase quadrature. A unique shaft 
mount uses a cone collar to permit concentric and wobble-free running. 
Standard shaft sizes are .125”, .250”, .375” and .500”. Board OSPB (not 
shown) is available which inputs the dual track signals and presents a 
CW/CCW direction signal and a rate signal. It electronically multiplies the 
resolution of 200 parts per revolution. Other encoder patterns and shaft 
sizes are available. Quantity discounts are offered. Call or write and inquire. 


DISC-f shaft size) 

2.25” by .090” encoder disc with 
dual track 50 hole pattern. 

$19.95 


PU-2 

IR reflective optics pick-up board. 
TTL output, with connector and 
cable. $19.95 


OSPB-1X, -2X or -4X 

Inputs the two channel signal from PU-2 and outputs a directional and rate 
signal. Specify output pulses per revolution which are 1, 2 or 4 times the 


encoder resolution. Cable and connector. 


$24.95 


Terms: Check or money order. Add $3 / shipping. (Wash, residents add 6.6% sales tax) 


A PRIORI Manufactured by Sailing Machine and Tool, Inc. 1819 South 
Central Kent, WA 98031 (206) 859-1050 
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Figure 2. A simplified block diagram of an automated factory of the type built by Fujitsu FANUC 
for manufacture of FANUC robots and controls. 


use in an automated factory is shaping 
up with the work-in-process, tooling, 
and fixtures storage in high-rise ASRS 
(automatic stacker/retrieval systems) 
and with FMS (flexible manufacturing 
systems) as mobile assembly platforms. 

The guide path network is sub- 
divided into zone blocks, with several 
such zones under the control of a “local 
control unit” (LCU). These units han- 
dle switching, steering, and stopping 
within their zones; they also store and 
transmit data to and from the Robocar- 
riers. All the local control units, and 
thereby all the zone blocks, are con- 
nected to the system’s “central process 
computer.” There are no on-board 
computers in this system. 

In this scheme, zones are whatever 
they have to be and are specifically 
defined for each system. They generally 
cover six to eight stops or stations 
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where activities are required to be 
performed. 

The central computer automatically 
selects the shortest route along the 
guide path network for each vehicle- 
destinations assignment. This results in 
maximum load throughput while re- 
ducing resource usage to a minimum. 
Queues of vehicles waiting to be load- 
ed or unloaded are reduced. The com- 
puter can assign and track as many 
Robocarriers as are needed to get the 
required throughput. 

Since the robot is able to move for- 
ward and backward, it may run into 
dead end positions, perform its func- 
tions, exit the way it entered, and join 
the main line of the guide path in the 
proper direction of flow. A guide path 
has traffic going in only one direction. 

The computer is also capable of com- 
municating with other computers in 


order to implement real-time manage- 
ment control of production, inventory, 
and other vital needs. 

Mobile Assembly Platforms: The 
mobile assembly platform concept is 
likely to change a lot of ideas about the 
manufacture of discrete parts and the 
assembly of products. Eaton-Kenway’s 
Robocarrier is in use at Cincinnati- 
Milacron’s test FMS facilities (flexible 
machining system) to transport loads 
for the FMS cells. 

In the original scheme of parts hand- 
ling, the part to be machined is attached 
to a carrier bed which is then loaded 
onto a Robocarrier. The Robocarrier 
carries the part to the input queue, a 
precision conveyance device at the 
FMS, unloads, and then proceeds to 
the output queue of the FMS where it 
is loaded with a finished part to be car- 
ried away. 

By an alternative scheme, the load is 
never removed from the Robocarrier 
while it passes through machining, 
assembly, or inspection. The FMS sta- 
tion “captures” the Robocarrier with 
the part and performs the necessary 
operations, then “releases” the Robo- 
carrier to carry the part away. 

This means that materials are fas- 
tened to the unit-load robot’s load deck 
in a storage or preparation area, trans- 
ported to the machine, the machine 
“acquires” the robot and its load, and 
machining or assembly work is per- 
formed on the load. The robot then 
moves on to an inspection station or to 
the next manufacturing step, and 
ultimately to an unloading station for 
storage of the part. Obviously this 
avoids removing the part from the 
robot at the machine, loading to the 
machine, subsequent unloading from 
the machine, and reloading the part to 
the robot. Not only does this save a 
great deal of time, but it also removes 
the need for handling equipment be- 
tween the Robocarrier and the manu- 
facturing tools. 

This also means that flexibility has 
been gained in process plans and 
routings, because the use of the robot 
immediately gains mobility of the part. 
Inspection steps may now be included 
easily between manufacturing steps, or 
the process plan may be changed to 
alter the sequence of steps or choice of 
machines, and so on. 


There is also an improvement in 
identification of individual parts with 
their associated processing and inspec- 
tion results. Communication of data 
from the machines on the factory floor 
to a central computer is generally re- 
quired in these schemes, and comunica- 
tion between the unit-load robot and its 
control computer has already been 
shown to be a necessity. 

In-progress inventory is reduced 
tremendously since there are no longer 
piles of materials on the floor near 
machines waiting to be used or moved 
away. Scrap parts are immediately 
identified and removed for disposal. 
Deliberate overproduction of parts to 
compensate for expected scrap 
becomes less of a problem. 

Automated Factories: There was a time 
when experts could only dream of 
automated factories (even in the 1950s). 
Then Fujitsu FANUC built one, and it 
has been in production since January 
1981, building FANUC robots and 
controllers. Now anyone who can af- 
ford the expense of the trip can see what 
an automated factory is really like. 


It’s all very simple. A sample block 
diagram of this type of system is shown 
in figure 2. Materials, parts tooling, 
and finished production are all stored 
in automated stacker and retrieval 
high-rise warehouse areas. These 
systems are well known in the United 
States under the generic label ASRS. 

Parts and tooling needed for produc- 
tion are called for by a central control 
computer and are automatically re- 
trieved from the high-rise warehouse. 
These are then picked up by unit-load 
robots (very much like the Robocarrier) 
under the guidance of a control com- 
puter for delivery to the machine that 
needs them. This too is becoming a 
well-known procedure. 

A part is unloaded by the unit-load 
robot to a stand which is located at the 
pick-up point for a one-armed robot 
which then transfers the part into posi- 
tion for a CNC (computer-controlled 
numerical control) machine to close on 
and manufacture into another part. 
This well-known technique is one of the 
classic uses for robots. Upon comple- 
tion of the cycle by the CNC machine, 
the process is reversed, and the com- 


pleted part is transferred into storage in 
the automated warehouse. The general 
concept should by now be familiar. 

The day shift for this plant is said to 
be 100; the night shift is said to be 1 
(Journal of Commerce , New York 
City, 19 August 1981, p. 10A). I find 
this hard to believe, because I have 
come to understand by American prac- 
tice that an operating crew consists of 
at least two people in order to handle 
unexpected emergencies, and that a 
factory needs a maintenance staff on 
hand to deal with machine problems 
when they arise. 

If anyone wonders why such an 
automated factory exists in Japan but 
not in the United States when the 
underlying concepts are familiar, the 
answer possibly lies in the reticence of 
American industry to invest rapidly in 
these innovations before they are 
proven in practice, whereas the Japan- 
ese feel obligated to do so. 

Even so, I would like just once to be 
in the Mt. Fuji plant when 100 people 
clock out and the lights are turned off, 
leaving the night shift alone to make 
robots. □ 


Calendar 


New Technology, Ap- 
plications Underscore 
SME’s Third Seattle 
Show Nov. 9-11, 1982 

Advanced manufacturing technology 
and new applications will highlight the 
Society of Manufacturing Engineers* 
third Seattle Northwest Area Tool & 
Manufacturing Engineering Conference 
and Exposition in Seattle, WA, 
November 9-1 1 . The three-day event at 
the downtown Seattle Center Coliseum 
will meet ‘ ‘the growing productivity and 
technology needs for more efficient 
manufacturing in the U.S. Northwest 
and in British Columbia.” More than 
9,000 manufacturing engineers and ex- 
ecutives are expected to attend. 

Nine workshops and two technical ses- 
sions will examine composites, robots, 
hand and wave soldering, jig and fixture 
design, maintenance overview, effective 
writing, computerized maintenance, 
computer graphics, management, tool 


control storage, and quality people, pro- 
grams, and products. 

For complete details contact SME 
Public Relations Department, Society of 
Manufacturing Engineers, One SME 
Drive, P.O. Box 930, Dearborn, MI 
48128, telephone (313) 271-0777. 

Call for Papers for 
International Meeting 
on Advanced Soft- 
ware in Robotics 

Authors are invited to submit proposals 
for papers to be presented at the Inter- 
national Meeting on Advanced Software 
in Robotics to be held in Liege, Belgium, 
May 4-6, 1983. Software contributes to 
the essential qualities of robots, giving 
them higher dynamic performance, bet- 
ter perception of the environment, and 
improved adaptation to their tasks. The 
conference aims to be a forum for 
discussion between those involved in ad- 


vanced software in robotics. Papers on 
the following topics are requested: con- 
trol language, data acquisition in pro- 
cessing software, artificial intelligence 
software, software reliability, kine- 
matics and dynamics modeling, adaptive 
control, high level languages, distributed 
processing, computing aspects of sens- 
ing devices, and interfacing with the 
environment. 

Anyone interested in participating in 
this meeting should send name, title, 
organization, address, and proposed 
topic to: A.I.M., rue Saint-Gilles, 31, 
B-4000 Liege (Belgium) as soon as possi- 
ble. Text should be received by the pro- 
gram committee no later than Dec. 1, 
1982 and should not be longer than 20 
pages, single-spaced. Authors of ac- 
cepted papers will be notified by Jan. 3 1 , 
1983, at which time they will receive in- 
structions for preparing the final copy. 

A discussion will follow presentation 
of the papers by their authors at the 
meeting. The proceedings will be 
available as a paperbound book. 
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I obotics and 
w process con- 
trol, while not the main issue of 
SIGGRAPH ’82, remained in 
the “frame buffer” as the in- 
direct interest of many ex- 
hibitors. SIGGRAPH, the 
ninth annual conference on 
Computer Graphics and In- 
teractive Techniques, at Hynes 
Auditorium in Boston July 
26-30, attracted larger crowds 
than anyone anticipated. 
Registration for the first three 
days exceeded 23,000. At- 
tendees included members of 
the ACM Special Interest 
Group, members of the Boston 
CAD/CAM community, and 
an even larger group of non- 
affiliated professionals and 
bystanders. “Wait until the 
next SIGGRAPH in Detroit, 
then robotics will be the issue,” 
one vendor predicted. 

In spite of a long, closely- 
packed line to register for the 
meeting, there was plenty of 
room to view exhibits and 
technical presentations. The 
conference was extremely well 
organized. Special events in- 
cluded shows of computer- 
generated movies and an 
exhibit of computer art. 

Because of newly-formed 


alliances 
between Hollywood 
and the computer graphics in- 
dustry, the show had more 
“star quality” than many re- 
cent computer conferences. 
John Whitney, Jr., president 
of Digital Productions, an- 
nounced plans for a 30-minute 
computer-generated portion of 
a new movie “Starfighters.” 
Characterizing the movie as 
“already scripted,” Whitney 
would not rule out the ap- 
pearance of computer- 
simulated robot characters in 
“Starfighters.” 

Highlights of the technical 
presentations included an an- 
nouncement of the X3H3 
Graphics Standards. The stan- 
dards committee attempt- 
ed to go further than any 
previous ANSI-specifying 
body in binding formal 
specifications to each Pro- 
gramming Language descrip- 
tion. 

The proposed standard is 
based on any earlier ACM- 
Siggraph proposal. Its implica- 
tions for robotics experimental 
work affect graphic simula- 
tions on displays, computer 
aided design, and even use of 
personal computers. 

A New Kind of Boilerplate 

Highlights of the vendor 
software presentations includ- 


ed GS-1, a 
Bolt Beranek and 
Newman software package 
that simulates industrial pro- 
cess control in real-time 
graphics. The package is im- 
plemented in LISP and runs on 
the Symbolics LM-2 computer, 
either in stand-alone mode or 
driving an AED 512 color 
terminal. 

The operator can work from 
an editor program to create a 
real-time graphic control panel 
objects that also operate in 
real-time. The user can then in- 
teract with the Symbolics 
workstation to control objects 
through a mouse-oriented 
graphic display. 

The GS-1 software package 
appears to do for industrial 




process control what the Xerox 
Star system does for Office 
Automation. All graphics 
objects, called icons , are 
stored as they are created, 
and can be used simply 
by referring to their 
names. They may be 
placed in any position 
on the screen, scaled 
to any desired dimen- 
sion, and made to inr 
teractwith the other 
objects defined in the 
program. 

GS-1 icons are more than 
mere pictures on a screen. 
Although producing complex 
diagrams is important in its 
own right, the power of GS-1 
stems from the fact that the 
icons are “smart.” Once 
drawn, they can do all the 
things that normally make 
graphic displays of informa- 
tion difficult and time- 
consuming. For example, a 
simple command can cause 
geometric icons to change their 
color, label, border color, or 
orientation. 

More complex icons can be 
defined. Dials, columns, and 
digital readouts show 
numerical values, can draw 
proper scales and select proper 
fonts for labels and markings. 
Graphs can show entire sets of 
data as points, lines, or bars, 
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and can intermix these dif- 
ferent modes. Watching the 
screen that simulated the boiler 
room of a small ship’s engine 
room one could only note the 
flexibility of this new form of 
“boilerplate.” The library of 
icons is easily extendible. The 
editor can be used to produce 
new icons. Once created, these 
icons become prototypes in the 
library, can be manipulated by 
the editor and incorporated in- 
to a new diagram, or used to 
create other prototype icons. 

Paul Horwitz, the Bolt 
Beranek and Newman Senior 
Scientist who showed the soft- 
ware, emphasized that connec- 
tions between the icons and the 
“outside world” are easy to 
make. Interactive graphic 
displays derive much of their 
power and usefulness from 
their connections to data 
sources, numerical simula- 
tions, or actuators. In GS-1 , all 
icons communicate with their 
environment through taps 
which pass information in both 
directions and can thus be used 
for control as well as for 
display of information. 

Towards a Graphics 
Control Language 

Another attempt at im- 
plementing a graphics control 
language was found not among 
the software vendors, but in 
the art exhibition. There on 
display was Real Time Produc- 
tion’s version of a CAD/CAM 
machine as an arcade gaming 
system. Using a modified Z-80 
arcade processor, with two 
custom-designed character 
generator chips, Artist Jane 
Veeder produced a highly in- 
teractive art-game, called 
“Warp It Out.” While the core 
system video display and con- 
trol panel was that of an arcade 
game, two additional color 
monitors provided outputs 
both for live audiences 
(monitor #1) and for Polaroid 
SX-70 hard copy (monitor #2) 
of “finished” design products. 
Game players could digitize an 


image (typically the player’s 
own face), store the digital im- 
age, and then “redesign” the 
image and a contrasting 
background using a highly 
visual set of CAD/CAM tools. 

In this software user inter- 
face, the Chicago-based art 
and programming group took 
a step towards a state-of-the- 
visual-art graphics control 
language. The game allowed 
spectators to learn the 
CAD/CAM control language 
very quickly, by simply watch- 
ing other people redesign im- 
ages at the monitor. The 
prompts included such 
categories as symbol fill, rip- 
ple, pattern fill, and edge blow, 
taken from the repertoire of re- 
cent graphic techniques. The 
next levels of menu almost en- 
tirely eliminated words. The 
overall affect was to encourage 
the player to make purely 
visual decisions. 

In the long run, this en- 
couragement to think in visual 
terms can only lead to better 
design standards throughout 
the industry. Just as the 
Bauhaus group once skillfully 
led people through a carefully- 
structured process to produce 
new design standards, the Real 
Time Production group ap- 
pears to be leading spectators 
through a similar process in 
CAD/CAM design. 

Improved 

Price/Performance 

If the Graphics software 
showed signs of improved user 
interfaces, hardware showed a 
trend of improved price/per- 
formance. New graphic 
workstation entries from ven- 
dors such as Hewlett-Packard, 
and Sun Microsystems showed 
that more performance per 
dollar could be squeezed from 
the hardware. At the same 
time, industry leaders such as 
Ramtek, Lexidata, and Matra 
were putting out more raw pro- 
cessing power, and continuing 
to improve the price/perfor- 
mance ratio for higher end 
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THE VERSATILE EPROM HANDLER 

★ Reads/progroms 2704, 2708, 2758, 2508, 2516, 2716 ( 1 supply), 2532, 2732, INTEL'S 

2732A and the 8755A (INTEL/NEC). 

★ No personality modules required. 

★ All power is derived from the S-100 bus. 

★All signals are S-100 compatible. 

★ Port mapping occupies NO memory space. 

★ An on-board woit-state generator allows use with bus clock rates exceeding 6mhz. 

★All software is 8080/8085/Z80 compatible. 

★Software includes “menu" commands, “intelligent" EPROM read/Write and disk I/O 
commands, and functions usually found only in “monitors" and “debuggers". 
★Programming power is supplied on-board with no external connections other than the 
S-100 bus. 

★Cff-on switch to protect the EPROMs during start-up. 

★All software is fully CDOS and CP/M compatible. 

UNIPROM board (A & T) with extensive documentation, including source 
listings -$1 99. 00 

UNIPROMdisk-based software with source on disk and listing (specify 5.25" 
or 8" CDOS or CP/M, or NORTHSTAR 5.25’ ’ CP/M - $38. 00 

UNIPROMeprom -based software (one 2532) source listing and bootstrap 

listing (for users of non-standard disk or tape systems). - $55.00 

CDOS is a registered trademark of CROMECO, INC. 

CP/M is a registered trademark of DIGITAL RESEARCH, INC. 

NORTHSTAR is a registered trademark of NORTHSTAR COMPUTER, INC. 

UNIPROM is o registered trademark of CER-TEK, INC. 
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★ Has 2K/4K ROM/EPROM (ROM’s are not supplied ), 

★ 46 1/0 Lines (Parallel/Series/Handshake) and 

★ 5 levels of interrupt Price: 8129 (A&T) 

SBC«.>2 

★ Has 2 K ROM/EPROM (ROM’s are not supplied) 

^22 I/O Lines - Parallel/Series/Handshake) and 
^2 levels of interrupt Price: 899 
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SIGGRAPH ’82 


systems. 

I was particularly impress- 
ed with the low end hardware. 
After years in the costly world 
of exorbitantly priced graphic 
hardware the industry has 
begun to produce some in- 
teresting low-end items. Some 
of the less expensive items in- 
cluded a mini CAD/CAM call- 
ed GDS from Stoneware that 
runs on an APPLE II Plus for 
under $200. Another show 
favorite was a Polaroid camera 
(announced at NCC) that pro- 
duces an 8 by 10 digitized 
photograph from a high- 
resolution CRT in 2.5 minutes. 
The cost of other items, such as 
digitizing cameras, is begin- 
ning to come down. 

The Eye of a Robot 

Microtex (Cambridge) pro- 
duced an image digitizing 
camera, which could easily 


serve as a robot eye. Two im- 
plementation paths are of- 
fered. In an OEM system the 
camera corrected digitized 
video. The camera can also be 
used to form a standalone elec- 
tronic camera system that in- 
terfaces to 8-bit TTL. Cabling 
carries DC power to the 
camera and multiplexed pic- 
ture data/control signals be- 
tween camera and host. 

Using a high quality 35mm 
lens, the camera can scan the 
engraved details on a dollar bill 
and deliver these images at an 
effective resolution of 200 
points per inch (See photo p. 24). 
The imaging subsystem can 
compensate for the array and 
the illumination, using a range 
of 256 gray levels. The central 
part of the range, shown on a 
histogram, provides 80 gray 
levels, equivalent to some pro- 
fessional grade films. The 


camera can also enhance 
degraded images by viewing 
them at the highest points of 
contrast. The weight of the 
camera is a mere 4.5 pounds. 

Conclusion 

After viewing such an im- 
pressive array of computer 
graphics hardware and soft- 
ware, I am looking forward to 
the next SIGGRAPH to be 
held in Detroit (July 25-29, 
1983). It is clear that the cur- 
rent work in computer 
graphics will now provide in- 
sights for people working on 
other industrial control pro- 
blems. Given the way 
CAD/CAM tasks are begin- 
ning to be sorted out, the tasks 
involved in other pressing pro- 
blems such as pattern recogni- 
tion, may soon begin to be 
identified. □ 
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VOICE 1/0 THAT WORKS! 



for the APPLE II, PET/CBM and AIM-65 


Voice I/O has come a long way from the 
barely intelligible computer speech of on- 
ly a few years ago. It is now possible to 
enter data or commands to your computer 
just by talking to it and the computer can 
talk back with clear, pleasant, human 
sounding voice. 

The COGNIVOX models VIO-1002 (for 
Commodore) and VIO-1003 (for the Apple 
II + ) are at the forefront of a new genera- 
tion of Voice I/O peripherals that are easy 
to use, offer excellent performance and 
are affordably priced. 

SOME SPECIFICATIONS 

COGNIVOX can be trained to recognize 
up to 32 words or phrases chosen by the 
user. To train COGNIVOX to recognize a 
new word, you simply repeat the word 
three times under the prompting of the 
system. 

COGNIVOX will also speak with a voca- 
bulary of 32 words or phrases chosen by 
the user. This vocabulary is independent 
of the recognition vocabulary, so a dialog 
with the computer is possible. Memory re- 
quirements for voice response are approx- 
imately 700 bytes per word. 

For applications requiring more than 32 
words, you can have two or more vocabu- 
laries and switch back and forth between 
them. Vocabularies can also be stored on 
disk. 


HOW IT WORKS 

COGNIVOX uses a unique single-chip 
signal processor and an exclusive non-li- 
near pattern matching algorithm to do 
speech recognition. This gives reliable op- 
eration at low cost. In fact, the perfor- 
mance of COGNIVOX in speech recogni- 
tion is equal or better to units costing 
many times as much. 


For voice output, COGNIVOX digitizes 
and stores the voice of the user, using a 
data compression algorithm. This method 
offers four major advantages: First there 
are no restrictions to the words COGNI- 
VOX can say. If a human can say it, COG- 
NIVOX will say it too. Second, it is very 
easy to program your favorite words. Just 
say them in the microphone. Third, you 
have a choice of voices: male, female, child, 
foreign. Fourth and foremost, COGNIVOX 
sounds very, very good. Nothing in the 
market today can even come close to the 
quality of COGNIVOX speech output. You 
can verify this yourself by calling us and 
asking to hear a COGNIVOX demo over 
the phone. Hearing is believing. 

A COMPLETE SYSTEM 

COGNIVOX comes assembled and test- 
ed and it includes microphone, software, 
power supply, built in speaker/amplifier 
and extensive user manual. All you need 
to get COGNIVOX up and running is to 
plug it in and load one of the programs 
supplied. 


Dept S , P.O. Box 388 Goleta, CA 93116 


Also available for the AIM-65. 


Call or write for details. 


It is easy to write your own talking and 
listening programs too. A single state- 
ment in BASIC is all that you need to say 
or recognize a word. Full instructions on 
how to do it are given in the manual. 

COGNIVOX model VIO-1002 will work 
with all Commodore computers with at 
least 16k of RAM. Model VIO-1003 re- 
quires a 48k APPLE 11+ with 1 disk drive 
and DOS 3.3. 


ORDER YOUR COGNIVOX NOW 

Call us at (805) 685-1854 between 9am 
and 4pm PST and charge your COGNIVOX 
to your credit card or order COD. Or send 
us a check in the mail, specifying your 
computer. Price for either model of COG- 
NIVOX is $295 plus $4 shipping in the U.S. 
(foreign add 10% we ship AIR MAIL). 
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RHINO. XR-1 


The Complete High-Tech Robotic System For Education, 
Research and Industrial Planning 

The 32-inch high XR-1 6-axis robotic arm is built with the same operating technology 
as large industrial robots. Its complete system uses digital design throughout, making 
the RHINO® an ideal mechanism for education and research in the field of robotics. 



1. Rhino® XR-1 w/Standard Hand 2. Linear Slide Base 3. Standard Power Supplies 
4. Experimental Motor Kit 5. Comprehensive Manual 6. Tool Kit 7. Optical Encoder Assembly 
8. Rotary Indexing Carousel 9. Deluxe Hand 




With its mechanical hand, the RHINO® can perform such basic tasks as sophis- 
ticated pick and place routines. Designed to help engineers, educators and 
students take advantage of the coming "Robotic Revolution", the RHINO* XR-1 
is a complete system ready for immediate use with any computer having an 
RS-232C* interface (3 wires). 


Advantages the “Rhino® System” 
Offers Educational Users 


7. The RHINO® XR-1 can also be programmed in ma- 
chine language from any computer. FAST! 




1. The RHINO® XR-1 Robotic System is affordable. The 
basic unit cost is $2,400.00 shipped prepaid anywhere 
in the continental United States. The system comes com- 
plete and ready to operate with any computer having 
RS-232C interface (3 wires). 


8. The RHINO®XR-1 has an 8-axis controller. The two 
extra axes offer flexibility not available in other robotic 
systems. 

9. The RHINO® XR-1 is very sturdily built with arms carved 
out of solid guarter-inch thick aircraft grade aluminum. 

10. A complete and extensive line of accessories is 
available for immediate delivery. 


2. The RHINO® XR-1 is available for immediate deliv- 
ery at this time. 

3. The completely open design of the RHINO® XR-1 
robotic arm makes it particularly suitable for education 
and research. 

4. Hardware can be modified for purposes of ex- 
perimentation and/or research. All spare parts are 
immediately available for reconfiguration to original 
specifications. 

5. Firmware can be modified for purposes of experi- 
mentation. For example, the entire operating system 
can be rewritten and the system can be dedicated to 
the investigation at hand at any one time. 

6. Software can be written in any language on any 
computer. The RHINO® uses the industry standard 
RS-232C interface, the most popular interface in the 
world. 


1 1 . A complete series of spare components is available 
for immediate delivery. 

12. Custom customer services are available. Quotes 
on special projects are available on request. 

13. The RHINO' XR-1 is a table top unit 32 inches high; 
total weight, approximately 25 pounds. 

1 4. The manual for XR-1 that comes with the system pro- 
vides an excellent introduction to robotics. Manuals may 
be purchased separately @ $20.00 ea. p.p. (domestic). 

15. The RHINO® XR-1 is suitable for undergraduate use 
as delivered. A complete 25 student classroom can be 
equipped with robots and accessories for less than 
$40,000.00, providing one unit for every two students. 
Anything the students might damage can be repaired 
at minimal cost. 


'DB-25 connector supporting pins 2 and 3 transmit/receive data and pin 7 for signals ground. 



1 7. The rugged servo gearmotors will tolerate consid- 
erable abuse and misuse by students. If damaged, 
they are inexpensive and easy to replace. 

18. The RHINO® XR-1 can be used as a gripper devel- 
opment system, an application that promises to be 
one of the largest developmental areas of the future. 
The 6 interrupts afforded by the XR-1 controller can be 
dedicated to very sophisticated gripper hardware and 
software development. 

19. The RHINO® XR-1 can be used as a robotic lan- 
guage development system, allowing each student to 
have his own Intel* 8748 to program as he sees fit. The 
cost is minimal. 

20. The RHINO® XR-1 is a very forgiving design. The 
large servo motors can be stalled without damage. 

21. The RHINO® XR-1 is easy to service by your own 
technicians using the comprehensive service manuals 
that can be provided. 

22. A factory supported User's Group will be formed in 
the near future to provide a medium of exchange for 
ideas about robotics specifically as they apply to the 
RHINO® System and other related hardware and soft- 
ware. 

23. The operating system can be modified to suit any 
specific investigation. The entire personality of the unit 
is based on this firmware. There are at least 1,000,000 
robotic systems hiding in the RHINO® XR-1 which in- 
structors and students can have a part in designing 
and discovering. 


The “Rhino® System” Can Help 
Answer Industrial Users’ Questions 



If you want to acquaint your engineers and other 
personnel with the use of robots or if you are considering 
the purchase of an industrial robot, the "RHINO® SYSTEM" 
can provide invaluable assistance in determining an- 
swers to the following questions: 

1 . How many axis robot do you need? The number is 
a major factor in the robot's price. 

2. What type of gripper will you need? If you have 
special requirements, they can be worked out on the 
RHINO® XR-1. 


3. What feedback should the robot give you? This 
information can make coordination with your facilities 
easier. 

4. What language capabilities should the robot you 
buy have? Can your people handle machine code or 
should you look for a higher language? 

5. How important will it be to interface the robot with 
its surroundings? 

6. How will this interface be implemented? 

7. How will your operations have to be modified for 
the robot? 

8. How will you implement personnel training for the 
robot? The RHINO’ 1 XR-1 can be an effective PR tool 
with labor. 

9. What will your space requirements be? How will you 
ensure personnel safety? 

10. Where are robots not applicable? Robots do not 
perform certain tasks well. What are those tasks? 

1 1 . What types of jobs do robots do well? Is the job you 
want done one a robot can handle effectively? 

12. How does a robot feed a carousel or rotary table? 
The answer to this question can be a prime considera- 
tion in a manufacturing operation. 

13. What are the advantages of using a slide base? 
Do you need to have your robot move sideways? 

14. How is the feed to a conveyor coordinated with a 
robot? This is another very important industrial consid- 
eration. 

15. How complicated are your pick and place require- 
ments? 

16. How important is the selection of a host computer? 
If the robot has a dedicated system, how flexible is it? 

17. How does a closed loop digital servo work? The 
RHINO® will show you and indicate the advantages. 

18. What resolution capabilities do you need? The 
higher the resolution required, the higher the cost of the 
robot. 

19. What sort of repeatability do you need? 

20. What kind of robot do you need? Pneumatic, elec- 
tric, overhead arm, etc.? 


The RHINO® XR-1 provides an inexpensive way to 
give your personnel hands-on robotics experience. The 
basic price of the complete RHINO® XR-1 Robotic System 
is just $2,400 shipped prepaid anywhere in the continen- 
tal United States. It comes complete and is compatible 
with any computer having RS-232C interface (3 wires). 



Mechanical Information 

Manufactured of aircraft grade aluminum to provide 
a lightweight, solid, durable structure. There are no 
riveted parts, permitting complete mechanical disas- 
sembly and modification for investigative and educa- 
tional purposes. 

Mounted on a base for attachment to a work sur- 
face to provide a stable operating platform from which 
the arm can extend to a full horizontal reach of 22.25 
inches from the center of rotation to "fingertip". Vertical 
reach extends up to 32.00 inches above base. 

Approximate worst case resolution of movement in 
each axis: 

Waist (Rotation) 0.053 inches 

Shoulder (Abduction) 0.018 inches 

Elbow (Estension) 0.018 inches 

Wrist (Estension) 0.003 inches 

Grasp 0.007 inches 

Lifting capability of arm at full horizontal extension: 

Lift over 1 .0 pound (approximate) 

Grasp over 16.0 ounces (approximate) 



Drive Train Data 

Drive Motors operate at 12 volts direct current. Arm 

drive motors, connected via a timing belt drive, provide 
reliable operation with a reasonable degree of protec- 
tion should the arm be loaded beyond capacity. Hand 
operation motors differ according to the lype of hand 
selected. 


Discrete Optical Quadrature Encoders on each motor 
informs the onboard microprocessor controller which 
way the motor is turning and how far it has turned. This 
feature enables fine resolution without incurring extra- 
ordinary additional costs common to other devices. 
Encoders are designed for a minimum of maintenance. 

The On-board Microprocessor Controller comes 
complete with a pre-programmed instruction set, a me- 
chanical operation self-test program and computer 
grade bipolar power supplies which provide power 
for all RHINO® XR-1 functions. The microprocessor based 
controller is equipped with electronics for the opera- 
tion of 8 motors. The manual includes a detailed pro- 
gram software code listing. 

Instruction Set includes all the commands necessary 
to fully control the 8 motors. The commands consist of 
the following: 

• Start each motor and move it a specified distance in 
a specified direction 

• Stop each motor and reset it to a zero error condition 

• Detect distance the motor has still to rotate to get to 
its zero position 

• Detect status of each of 6 interrupts or limit switches 


Interface Information 

The controller is connected to the host computer 

by a standard 3-wire RS-232C interface network ca- 
pable of operation at up to 9600 baud. A selector 
switch is provided to set the operating at standard 
rates from 300 to 9600 baud. 


Warranty 

The RHINO® XR-1 Complete Robotic System is backed 
by a one year limited mechanical warranty and a 90 
day limited electronic warranty. 


Rhino® XR-1 is working for . . . 

Alfred University 

Ashtabula County— Joint Vocational School 
Brown Shoe Company 
Capitol Institute of Technology 
Ecole Polytechnique de Montreal 
Genesee Machine Builders 

Lawrence Institute of Technology- 
School of Engineering 

Manumatic International Inc. 

New York University— Computer Science Department 
Rose-Hulman Institute of Technology 
Rutgers University 
Shintoa International, Inc. 

University of Illinois 

University of Iowa— 

Department of Electrical Engineering 






The Rhino® Robot System 



Item #1: Rhino" XR-1 Robot 

A moderately sized robot intended for use as an edu- 
cational and research tool for robotics investigation. 
The XR-1 robot stands approx. 32 inches high and has 
a reach of approx. 22 inches. Employing digital servo 
motor drives on all six axes and incorporating full motor 
position feedback from optical encoders, the XR-1 du- 
plicates the motions and signals used by most industrial 
robots. Includes standard hand with 2 inch fingers, power 
supplies, eight axis controller, user's manual and tool 
kit. Shipped fully assembled. 

Item #2: Rhino 1 XR-2 Robot 

Same specifications as stated for XR-1 above except 
the standard hand is replaced by the DELUXE HAND. 
(See Item # 6) 



Item #3: Linear Slide Base 

Designed for use with the XR-1 robot or for separate 
experimentation. 1 8 inch travel driven by digital servo 
motor with full motor position feedback from optical 
encoder. Includes end of travel limit switch at one end. 
Plugs into XR-1 controller. For maximum efficiency, 
heavy-duty power supply (Item # 15) is recommended 
for use with this item. Shipped fully assembled. 



Item * 4 : Rotary Indexing Carousel 

12 inch rotary table for use in experimentation with the 
XR-1 robot or as a stand alone device. Base of carou- 
sel contains digital servo drive identical to those used 
on XR-1 robot. Plugs into XR-1 controller. Heavy-duty 
power supply (Item # 15) is recommended for use with 
this item. Shipped fully assembled. 

Item #5: Chain Belt Conveyor 

18 inches long with our standard digital servo drive. 
Plugs into XR-1 controller. Heavy-duly power supply (Item 
# 15) is recommended for use with this item. Shipped 
fully assembled. 



Item #6: Deluxe Hand 

Replaces standard XR-1 hand. Provides faster acting 
finger action and approx. 0.25 degree wrist rotation 
resolution. Uses digital servo drives with full optical feed- 
back. Includes limit switches for indicating hand reset 
positions. Heavy-duty power supply (Item # 15) is recom- 
mended for use with this item. Shipped fully assembled. 







Item #7: F-1.5 Finger Attachment 

Identical to standard fingers but 1 .5 times as long as 
fingers specified in Item #1 . Minor assembly required. 

Item #8: F-2 Finger Attachment 

Identical to standard fingers but 2 times as long as 
fingers specified in ltem#1. Minor assembly required. 

Item #9: F-3 Triple Finger Attachment 

Similar to standard fingers but includes third finger. 
These fingers are 120° apart. This makes it a much 
better hand for grasping round objects. Minor assem- 
bly required. 

Item #10: F-MP Magnetic Pickup 

Mounts to either standard or deluxe hand. Allows ex- 
perimentation with magnetic handling. Plugs into XR-1 
controller. Minor assembly required. 

Item #11: F-CS Clamshell Attachment 

Clamshell arrangement similar to standard fingers but 
has clamshell which allows XR-1 to pick up objects 
which may be difficult to grasp otherwise. Minor as- 
sembly required. 

Item #12: Vacuum Fingers 

Mounts to either Standard or Deluxe Hand. Allows ex- 
perimentation with vacuum handling. Includes vacuum 
solenoid valve. User must furnish own vacuum source. 
Minor assembly required. 

Item #13: F-SV Shovel Attachment 

Consists of a shovel type hand. It is used as a tilting 
device not unlike the way a digging bucket might be 
operated. Minor assembly required. 



Item #14: F-MD Moto-Dremel® Holder— (Hollow Body 
Hand) 

An accessory which fits in the place of the standard 
hand and allows the user to position the small (Model 
260) MotoDremel* tool (tool furnished) in the hand of 
the RHINO® XR-1. Minor assembly required. 

Item #15: Heavy-Duty Power Supply 

Provides additional power for heavy use. Recommended 
for use with Slide Base, Indexing Carousel, Conveyor, or 
Deluxe Hand. Shipped fully assembled if ordered with 
XR-1 robot. 

Item #16: Experimental Motor Kit 

Digital servo drive identical to those used on XR-1 robot. 
Includes motor, optical encoded, and connecting 
cable. Designed for connection to XR- 1 controller. Small 
motors similar to ones used on Deluxe Hand; large 
motors similar to ones used on XR-1 Body. Minor as- 
sembly required. 

Item #17: X-Y Table Kit 

Includes digital servo drive with full optical feedback 
for each axis. Designed for connection to XR-1 controller. 
Minor assembly required. 

Item #18: 8-Axis Controller 

Identical to controller supplied with XR-1 robot. Includes 
3.5 AMP power supply for driving 1 2 Volt DC servo motors. 
Shipped fully assembled and tested. 


Other Custom Hands 8r Robots 

Custom hands and robots can be designed and built 
by us to your specifications as the need arises. Please 
write for quotes. A sketch can be very helpful, as can 
a sample of the object that you want the hand to 
manipulate. 




Business Terms 

Domestic (Continental USA) 

1. All domestic shipments be made FOB Champaign, 
IL 61820 USA, with UPS transportation costs paid by 
Sandhu Machine Design, Inc., to any destination in the 
continental USA where UPS delivers. 

2. Domestic air freight or special handling shipments, 
requested by the buyer, will be made at the buyers 
costs net— based on the air carrier's rates and condi- 
tions in effect at the time of shipment. 


Export 

1 . All shipments will be made on an FOB Champaign, IL 
61820 USA basis. 

2. Air freight shipments are recommended for export 
shipments. Such shipments will be made FOB University 
of Illinois Willard Airport (CMI), Savoy, (Champaign) Illi- 
nois USA. Such shipments, fully packed for air freight 
shipment, will be tendered to the Emery Worldwide (Air 
Freight Brokers) agent in Champaign, Illinois for depar- 
ture at the University of Illinois Willard Airport (CMI). 

3. All export shipments will be based upon receipt of 
check, payable to Sandhu Machine Design, Inc. in U.S. 
dollars, and/or order with an irrevocable letter of credit 
subject to approval by Sandhu Machine Design, Inc., 
with payments made in U.S. dollars to the account of 
Sandhu Machine Design, Inc., 308 S. State St., Cham- 
paign, IL 61820 USA in the Champaign National Bank, 
201 N. Randolph, Champaign, IL 61 820 USA. 

4. RFIINO® XR-1 orXR-2 models will be packaged in Iwo 
boxes each for Export Air Freight Collect Shipments to the 
destination with the following approximate shipping 
specifications: 1 box L 23" x W 1 8)6" x H 22" -26 lbs.; 
1 box L 14" x W14" x H 12" -16 lbs. 

5. Because of the continued variations in CIF rates by 
export air carriers, Sandhu Machine Design, Inc. rec- 
ommends the buyer contact their local office of Emery 
Worldwide (Air Freight) or their Import Broker for current 
CIF rates from the University of Illinois Willard Airport 
(CMI) Savoy, Illinois USA. 

6. RFIINO® XR-1 orXR-2 models and accessories shipped 
by sea methods will be packaged in accordance with 
current marine export sea packaging and shipment 
standards. Additional costs (over normal Air Freight 
Packaging) for sale packaging shall be borne by the 
buyer. Sea shipments shall be FOB Champaign, Illinois 
USA. 

7. All normal USA export papers will be prepared by 
SMD, Inc. and USA export licenses obtained, if appli- 
cable. All foreign country import licenses and clear- 
ances shall be handled and paid for by the buyer (or 
buyer's broker) at the nearest port of importation in the 
country of the ultimate consignee. If the buyer specifies 
an intermediate consignee, full names, addresses and 
special instructions must be stated in the original irrevo- 
cable letter of credit. 


8. SMD, Inc. has appointed sales representatives, dealers 
and distributors in certain countries. The RFIINO® XR-1 
might be available directly from a dealer or distributor 
in your country. Contact International Fleadquarters, 
Sandhu Machine Design, Inc., 308 South State Street, 
Champaign, Illinois 61 820, USA for further information. 



The concept for the RFIINO® XR-1 robot was conceived 
in the fall of 1980 in response to the expanding robotic 
industry's need for a small, high-tech robot suitable for 
research. 

By August, 1981, the RFIINO® was in production at 
Sandhu Machine Design, Inc., Champaign, Illinois, under 
the direct supervision of its inventor, Flarprit Sandhu. Mr. 
Sandhu, who holds degrees in both mechanical and 
ceramic engineering, was and is determined to pro- 
duce a high qualify robot that can provide engineers 
and students with a versatile, affordable tool for robotics 
experimentation. 

Fashioned after the human arm, complete with me- 
chanical hand, the 32" high RFIINO® uses the same 
operating technology and can accomplish many of 
the same tasks as its large industrial counterparts. 
Completely open and observable, all of the robot's 
components can be taken apart and reassembled at 
the user's option, providing a unique hands-on experi- 
ence for developing applications adaptible to large 
robots. 

The RFIINO® XR-1 is manufactured almost entirely at 
Sandhu Machine Design, Inc. To maintain qualify con- 
trol, most parts are fabricated in-house on computer- 
controlled milling machines and automatic lathes. A 
shelf inventory is maintained at all times to insure satis- 
factory service to the firm's growing list of both national 
and international customers. 

The RHINO* XR-1 is normally available for immedi- 
ate delivery. To order, write or call: 

Sandhu Machine Design, Inc. 

308 S. State Street 
Champaign, IL 61820 
Ph: 1-217-352-8485 


Rino^ XR-1 Robotic System 

Price List 

Effective May, 1982* 


Item 

Description 

Price 

Item 

Description 

Price 


(domestic) 


(domestic) 

#1 

Rino® XR-1 Robot w/manual and 


#16 

Experimental Motor Kit (small 



standard hand 

$2,400.00 


or large) 

110.00 

#2 

Rino® XR-2 Robot (Same as XR-1 but 


#17 

X-Y Table Kit 

1,400.00 


w/deluxe hand) 

2,850.00 

#18 

8-Axis Controller (without 


#3 

Linear Slide Base 

650.00 


Power Supply) 

1,000.00 

#4 

Rotary Indexing Carousel 

300.00 

#19 

Standard Hand 

300.00 

#5 

Chain Belt Conveyor 

600.00 

#20 

Standard Power Supply with 


#6 

Deluxe Hand 

600.00 


8-Axis Controller 

1,250.00 

#7 

F-1.5 Finger Attachment 

100.00 

#21 

Heavy Duty Power Supply with 


#8 

F-2 Finger Attachment 

100.00 


8-Axis Controller 

1,500.00 

#9 

F-3 Triple Finger Attachment 

150.00 

#22 

XR-1 Robot without Power Supply and 


#10 

F-MP Magnetic Pickup 

75.00 


8-Axis Controller 

1,400.00 

#11 

F-CS Clamshell Attachment 

100.00 


Other Custom Hands 


#12 

Vacuum Fingers 

175.00 


& Robots Quotations on Request 

#13 

F-SV Shovel Attachment 

65.00 


“Hands-on-Introduction to Robotics, 


#14 

F-MD Moto-Dremel® Holder 

150.00 


The Manual for XR-1” 

. . .20.00 

#15 

Heavy-Duty Power Supply (Exchange 
for Standard Power Supply) 

500.00 






* Prices quoted are valid for 60 days, otherwise all prices are subject to change 
without notice. All shipments are FOB Champaign, Illinois. 


ROBOTS, INC. 


308 S. State St., Champaign, IL 61820 
Ph: 1-217-352-8485 




PATENT PROBE 
NO. 4,221,997 

An Articulated Robot Arm 
and Method of Moving Same 


Russ Adams 


3008 Mosby Street Alexandria, VA 22305 


One fundamental problem of 
industrial robot design is tracking 
manipulator arm position. Typical 
manipulator arms are constructed with 
three or more jointed arm sections, 
which are normally driven under com- 
puter control. The manipulator arm 
operation mimics the motion of human 
shoulders, elbows, and wrists. A special 
tool or “effector” is attached to the 
distal end of the last arm section. This 
tool can be as simple as a welding torch 
or as complex as a multi-fingered grip- 
per. For the arm to perform any useful 
function, accurate tool positioning is 
imperative. 

In many of today’s industrial robot 
arm applications, sets of required tool 
positions can be predefined. But 
“player piano” arm positioning is fast 
giving way to the more stringent re- 
quirements of adaptive positioning. As 
the tasks to be performed become more 
complex, predefined arm positions are 
no longer possible. Exact positioning 
must adapt to changing conditions. 

Techniques to sense current tool or 
effector position are critical to the 
design of an adaptively positionable 
robot arm. Traditional techniques 
locate the tool’s position by sensing the 
angles between each arm joint and 
calculating the tool’s position trigono- 
metrically. When the tool is moved, the 
new position is expressed as a series of 
new joint angle positions. 

It is difficult and time consuming, 
however, to calculate these new joint 
angles, since each is dependent upon 
the angles of the other joints. A quick 
technique for determining the effector 
position is clearly needed. One such 
technique is disclosed in U.S. Patent 
4,221,997, issued on September 9, 1980 


to John P. W. Flemming. Flemming’s 
method, “Articulated Robot Arm and 
Method of Moving Same,” uses posi- 
tion velocity to determine changes in 
joint angle position. 

The arm described consists of a 
servomotor mounted to a base. The 
shaft of the servomotor is connected to 
one end of the first arm section. A se- 
cond servomotor is mounted to the 
other end of the first arm section, and 
its shaft is connected to one end of the 
second arm section. The third and 
fourth arm sections are mounted in a 
similar manner. A fourth servomotor 
is mounted to the distal end of the 
fourth arm section, and with its shaft 
is connected to an effector or tool. 

Each Servomotor is individually 
computer controlled. The operation of 
the four computers is coordinated by a 
fifth supervisory computer. 

Rather than sensing the angle made 
between adjacent arm sections, Flem- 
ming’s arm measures the angle made 
between an arm section and a common 
reference plane. To memorize the 
reference plane position, the shaft en- 
coder values are stored at each joint 
when the arm is extended with each arm 
section parallel to the reference plane. 

The elegant part of Flemming’s arm 
positioning method lies in its mathema- 
tical principles. Stating the problem in 
general terms, the tip T of a robot arm 
having N joints must be accurately 
positioned at a desired location in 
three-dimensional space. Restricting 
the arm’s motion to a single plane 
simplifies the problem. The coor- 
dinates X,Y of tip T must be first 
related to the angle each joint makes 
with the reference plane. The necessary 
change in each angle must then be 


calculated to move the tip T to new 
coordinates X e ,Y e . 

Much of the simplification of the 
problem is the result of measuring joint 
angles with respect to the reference 
plane. If one joint angle is varied, all 
other joints can be varied to maintain 
a fixed angle relative to the reference 
plane. In a real-life situation, all joint 
angles change when the tip T is moved 
to a new position. As a result of the 
common reference plane of each joint 
angle, however, the calculation of the 
angle changes needed can be performed 
as if each angle changed independent- 
ly. This greatly simplifies the problem 
of calculating necessary changes in 
joint angles. 

The coordinate position of the arm 
tip T is given by the equations: 

N 

x = ZL n cos0 n 

n = 1 

N 

y = ZL n sin0 n 

n = 1 

i?L= - L n sin0 n 

30 n 

£*_= L n cos0 n 

30 n 

where: L n is the length of arm section n. 

0 n is the angle made with the 

reference plane of section n. 

The result is that if one joint angle is 
varied while holding all the others con- 
stant, the path of tip T has the same arc 
as the path traveled by the arm section 
immediately connected to the joint be- 
ing varied. In other words, we need to 
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consider only arm section length and 
respective joint angles to determine 
relative motion of the tip of the arm. 
This relationship is expressed by the 
two partial derivatives. 

Suppose that tip T is to be moved 
from a starting coordinate X,Y, to a 
nearby new position X e , Y e . These two 
points form the starting and ending 
points of a vector. 

The controlling computers must 
calculate which joints to move and by 
how much to move the tip along the 
direction vector. In principle, move- 
ment could be calculated by summing 
the arcuately changing vectors of each 
arm segment tip. This would produce 
an accurate description of the necessary 
joint angle changes. It is almost as ac- 
curate and much simpler to allow the 
joint angles to change in such a way that 
the joint velocity of each angle effec- 
tively moves the tip towards the desired 
new position. 

There are several ways to perform 
the vector calculation. One example 
uses the function: 


V n =Ksin(0 E -0n) 

In this case, 0£ is the angle between the 
reference plane and the desired new 
location, with the tip T forming the 
vertex of the angle. The angle 0 n is the 
angle formed by the arm segment n and 
the reference plane. This function is 
only an approximation since it assumes 
that arm segment motion is linear in- 
stead of arcuate. 

To improve stability, Flemming sug- 
gests that some proportional control be 
added to the equation. This transforms 
the velocity equation to: 

V n = KLEsin (0E-0n) 

The constant of proportionality Le is 
the distance between the present posi- 
tion of the tip T and the desired 
position. 

When each joint velocity vector is 
calculated and executed, tip T moves to 
the desired position without the need 
for lengthy calculations. 

Copies of the Flemming patent are 
available from the U.S. Patent and 
Trademark Office for $.50. Orders 
should be sent with payment to: Com- 
missioner of Patents and Trademarks, 
Washington, DC 20231. □ 
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Figure 1 : A schematic drawing of Flemming’s robot arm. Multiple computers can accurately posi- 
tion the effector (piece marked 23) by using the disclosed algorithm. 


Xe, Ye 
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Figure 3: A diagram showing the operation of the positioning algorithm. Note that each individual 
arc of an arm section is communicated to the tip T(X,Y). 



CONSTRUCTING AN 
INTELLIGENT 
MOBILE PLATFORM 

Mark Robillard 3 Peach Lane Townsend, Massachusetts 01469 


Part 2: 
Local 
Computer 
Control 


It doesn’t take long after using the 
motion platform with an external com- 
puter to realize that you really need 
some sort of interactive give and take 
with the machine. If you tell it to go for- 
ward three lengths and a chair happens 
to be in the way, the machine will not 
only collide with the chair but it will stay 
there spinning its wheels. It’s time to in- 
troduce another computer. This ma- 
chine is akin to the one already resident 
in Big-Trak. 

Local control makes use of a small 
microcomputer board that connects in- 
to the external interface designed 
earlier. This board will be programmed 
much like your big computer was to 
make decisions. No external connection 
is required to the outside world once it 
is programmed. The programming can 
be accomplished through the use of a 
standard RS-232C serial communica- 
tions channel. 

Let’s discuss the operation specifica- 
tions for such a board. First, it must 
have the ability to run from battery 
power. We don’t want wires trailing the 
vehicle as they might get caught up in 
the wheels on tight turns. Second, we 
will want the computer to be easily pro- 
grammed for motion tasks. Some sort 
of high-level language might be ap- 
plicable, however, large amounts of 
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Photo 5: View of the microswitch activated bump switches. Four of these are connected in series. 


Listing 1: Motion subroutine package written in Microsoft BASIC. 

60000 ' MOTION PLATFORM SUBROUTINE PACKAGE 

60001 ' 

60002 ' WRITTEN IN MICROSOFT BASIC 

60003 'MARCH, 1982 

60004 ' 

60005 ' 

60006 ' COMMAND AND VARIABLE ARE EXPECTED AS FOLLOWS: 

60007 ' 

60008 ' C$ = “COMMAND, VARIABLE” GOSUB 60000 

60009 ' 

60010 NC = 1 

60020 D$ = M I D$(C$, NC, 1 ) 

60030 IF D$ = ”” OR D$ = “ ” OR 0$ = ”,” THEN60050 

60040 NC = NC + 1:GOTO 60020 

60050 CW$ = LEFT$(C$,NC - 1):GOTO 60072 

60065 ' 

60066 ' 

60070 ' 

60071 ' Listing 1 continued on p. 30 




memory are prohibitive due to power 
requirements. Lastly, the controller 
must be able to interface to the Big- 
Trak controller board. This task will re- 
quire voltage level shifting if the local 
controller is made principally of TTL. 

These requirements point toward the 
use of another single-chip microcom- 
puter. Having the control program 
memory and I/O ports on one part will 
greatly reduce power requirements and 
physical space requirements. Let’s take 
a look at some of the more popular 
single chip microcomputers. 

8748 . The Intel 8748 is an industry stan- 
dard microcomputer. It includes IK 
bytes of program memory, 64 bytes of 
data memory and 24 I/O lines. The pro- 
gram memory is ultraviolet-erasable 
which makes prototyping easy. Several 
commercial programming systems exist 
as well as software development tools. 

MC68701. Motorola has a terrific 
microcomputer with erasable memory 
called the 68701. This unit is basically 
a small implementation of the 6800 
microprocessor. In addition to the 2K 
of program memory and 128 bytes of 
data memory, the 68701 has 29 I/O 
lines and a fully functional series I/O 
channel with transmit and receive clock 
data transmission rate generator built 
in. 

These devices are probably the two 
leading single-chip microcomputers. 
There are many family versions of these 
parts, which have varying amounts of 
memory, I/O lines, and special 
features. However, in order to imple- 
ment the requirement of a somewhat 
high-level language on them, external 
memory needs increase, as does time to 
develop the program. I don’t believe 
any language other than straight 
assembly language exists for either 
microcomputer. In light of this fact, 
should we discard the possibility of an 
easily user programmed local 
processor? 

You Haven’t Seen The Z8. Z8 sounds 
like an alien friend from outerspace, 
but it’s actually a super microcomputer. 
The part number is Z8671 from Zilog. 
This 40-pin microcomputer not only in- 
cludes 124 registers, 32 I/O lines, and 
timer — its control program is a very 
powerful version of BASIC. 
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Listing 1 continued 

60072 ' COMMAND INTERPRETER 

60073 ' 

60074 ' COMMANDS “LOWER” TO “LISTEN” ARE FOR FUTURE 
ENHANCEMENT 

60075 ' 

60076 ' 

60077 ' 

60078 ' 

60079 ' 

60080 IF CW$= “SCAN” THEN GOTO 60290 
60090 IF CW$ = “MOVE” THEN GOTO 60310 
60100 IF CW$ = “LEFT” THEN DR = 26:GOTO 60310 
60110 IF CW$ = “FORWARD” THEN DR = 17:GOTO 60310 
601 20 IF CW$ = “REVERSE” THEN DR = 1 8:GOTO 6031 0 
60130 IF CW$ = “RIGHT” THEN DR = 10:GOTO 60310 
60140 IF CW$ = “PULSE” THEN DR = 9:GOTO 60310 
60150 IF CW$ = “REPEAT” THEN DR = 3:GOTO 60310 
60160 IF CW$ = “HOLD’THEN DR = 25:GOTO 60310 
60170 IF CW$ = “LOWER’THEN GOTO 60290 

60180 IF CW$ = “LIFT” THEN GOTO 60290 
60190 IF CW$ = “PITCH” THEN GOTO 60290 
60200 IF CW$ = “YAW” THEN GOTO 60290 
60210 IF CW$ = “ROLL” THEN GOTO 60290 
60220 IF CW$ = “OPEN” THEN GOTO 60290 
60230 IF CW$ = “CLOSE” THEN GOTO 60290 
60240 IF CW$ = “SEE” THEN GOTO 60290 
60250 IF CW$ = “COMPARE” THEN GOTO 60290 
60260 IF CW$ = “ROTATE” THEN GOTO 60290 
60270 IF CW$ = “SAY” THEN GOTO 60290 
60280 IF CW$ = “LISTEN” THEN GOTO 60290 
60290 PRINT“ERROR-NO COMMAND”:PRINT 
60300 STOP 
60305 ' 

60309 ' 

60310 ' COMMAND TRANSMITTER 

60311 ' 

60312 ' 

60313 ' 

60314 ' POKE VALUE IS SET UP FOR A TRS-80 COLOR COMPUTER 

60315 ' CARTRIDGE PORT 

60316 ' 

6031 7 ' CHANGE VALUE OF POKE FOR YOUR SYSTEM 

60318 ' 

60319 ' 

60320 POKE 491 52, DR 

60330 FOR TA = 1 TO 5:NEXT TA:POKE 49152,0 

60340 ' 

60341 ' 

60342 ' COMMAND VARIABLE TRANSLATOR 

60343 ' 

60344 ' GETS VARIABLE AFTER THE COMMA DELIMITER 

60345 ' 

60346 ' 

60347 ' 

60348 ' 

60349 ' 

60350 NC=NC+ 1 

60360 V$ = MID$(C$,NC,1):IF V$ = “” THEN GOTO 60720 'FINISHED 

60370 IF V$ = “A” THEN VA = A:GOTO 60630 

60380 IF V$ = “B” THEN VA = B: GOTO 60630 

60390 IF V$ = “C” THEN VA = C:GOTO 60630 

60400 IF V$ = “D” THEN VA = D:GOTO 60630 

6041 0 IF V$ = “E” THEN VA = E:GOTO 60630 

60420 IF V$ = “F” THEN VA = F:GOTO 60630 

60430 IF V$ = ”G” THEN VA = G:GOTO 60630 


60440 IF V$=“H” THEN VA = H:GOTO 60630 
60450 IF V$ = “r THEN VA = l:GOTO 60630 
60460 IF V$ = “J” THEN VA = J:GOTO 60630 
60470 IF V$ = “K” THEN VA = K:GOTO 60630 
60480 IF V$ = “L” THEN VA = L:GOTO 60630 
60490 IF V$ = “M” THEN VA = M:GOTO 60630 
60500 IF V$=“N” THEN VA = N:GOTO 60630 
60510 IF V$ = “0” THEN VA = 0:G0T0 60630 
60520 IF V$ = "P” THEN VA = P:GOTO 60630 
60530 IF V$= “Q” THEN VA = Q:GOTO 60630 
60540 IF V$= “R” THEN VA = R:GOTO 60630 
60550 IF V$ = “S” THEN VA = S:GOTO 60630 
60560 IF V$ = , T* THEN VA = T:GOTO 60630 
60570 IF V$ = “U” THEN VA = U:GOTO 60630 
60580 IF V$ = “V” THEN VA = V:GOTO 60630 
60590 IF V$= ,, W n THEN VA = W:GOTO 60630 
60600 IF V$ = “X” THEN VA = X:GOTO 60630 
6061 0 IF V$ = “Y” THEN VA = Y:GOTO 60630 
60620 VA = VAL(V$):GOTO 60635 

60629 ' 

60630 ' VARIABLE TRANSMITTER 

60631 ' 

60632 IF VA > 9 THEN C$ = STR$(VA):NC = 2:GOTO 60360 
60635 RESTORE 

60640 DATA 22,29,21,13,28,20,12,27,19,11 
60650 FOR TA = 0 TO 9 
60660 READ DA 

60670 IF TA = VA THEN GOTO 60690 
60680 NEXT TA 
60690 POKE 491 52, DA 

60700 FOR TA = 1 TO 5:NEXT TA:POKE 49152,0 
60710 GOTO 60342 
60715 ' 

60717 ' 

6071 8 ' SEND OUTPUT COMMAND 

60719 ' 

60720 POKE 49152, 14:FORTA = 1 TO 5.NEXT TA:POKE 49152,0 

60727 ' 

60728 'SEND GO COMMAND 

60729 ' 

60730 POKE 491 52,6:FOR TA = 1 TO 5.NEXT TA:POKE 49152,0 

60732 ' 

60733 ' 

60750 ' IS PLATFORM FINISHED ROUTINE 
60760 ' 

60770 ' 

60780 ' CHECKS THE STATUS OF SAME PORT FOR A HIGH BIT 6 FOR DONE 
60790 ' 

60800 ' ALSO CHECKS FOR A HIGH BIT 5 WHICH INDICATES A BUMP 
CONDITION 
60810 ' 

60820 ' ROUTINE TOGGLES BIT 7 TO RESET OTHER BITS 
60830 ' 

60840 ' 

60850 DC = PEEK(491 52) 

60860 IF DC = 96 OR DC = 32 THEN BPS = T .GOTO 60890 

60870 IF DC = 64 THEN BPS = “N”:GOTO 60890 

60880 GOTO 60850 

60890 POKE 49152, 128:POKE 49152,0 

60896 ' 

60897 ' 

60898 ' SEND CLEAR COMMAND 

60899 ' 

60900 POKE 49152,1 :FOR TA = 1 TO 5:NEXT TA:POKE 49152,0 
60910 RETURN 


At first glance the commands seem 
very limited. In fact, they advertise the 
part as being a Tiny-BASIC interpreter. 
Once you get into the particulars, you 
will realize the I/O power of this device. 
We will go into the instructions a little 
bit later; for now let’s concentrate on 
building up a working system than can 
utilize it. 

Figure 8 is a complete schematic 
diagram of the local control concept 
utilizing the Z8. The mysterious part 
labeled Z6 132-5 is a 4K by 8-bit memory 
circuit that is used as program memory 
to store the BASIC commands. Both 
the Z8671 and the Z6132 are available 
through supply houses. They are not 
new parts so don’t be afraid to request 
data and parts. The 867 1 runs in the $50 
price range for single units. The 6132 is 
$35 in the same quantity. Photo 4 shows 
the board as I built it. 

Crystals. For those of you who are not 
familiar with computer electronics, or 
are just beginning to build computers, 
let me say a few words about crystals. 
That funny symbol on the schematic 
connected between pin 2 and pin 3 of 
the Z867 1 can be the hardest part to ob- 
tain. I have been building circuits from 
manufacturers applications notes for 
years, and I have read thousands of ar- 
ticles in magazines that show similar 
schematics. Very seldom do they ever 
tell you where you can get that odd ball 
frequency crystal. In fact, the Z8 is the 
only component I know of that uses a 
7.3728 MHz frequency. Well, I am here 
to break that tradition. I purchased my 
crystal from a company called Fox 
Electronics. Here are the particulars: 

Fox Electronics 

POB 1078 

Cape Coral, FL 33904 

(813)482-7212 

With that off my chest, we’ll con- 
tinue with the circuit description. The 
switches in the upper right set the data 
communications rate that the Z8 will 
use to talk to your terminal or computer 
during programming. Only three 
switches are needed and, actually, if 
you always use the same rate, the inputs 
to the 74126 could be hard wired 
according to your speed. The schematic 
shows the table of switch positions and 
their corresponding values. 
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Figure 8: Local control using the Z8671. 
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Photo 6: Underside view of Big-Trak showing bumpers mounted using sheet metal brackets. 


DS1488 


+ 9V 



DS1489 


RX 2 O- 



-O RX TO Z8671 
PIN 5 


N.C. 


p- ► TO BUMP SWITCHES 

-±- EXISTING 
9V BATTERY 

0 GND 

+ -±- NEW 9 V BATTERY 
■j" FOR NEGATIVE SUPPLY 

1 o - 9 V TO DS1488 

POWER CIRCUIT FOR RS232 


I did not use RS-232C levels between 
my host (master) computer and the 
board, but I have included the hook-up 
in figure 8b. Interface between the two 
computers or terminal computer is not 
critical as long as the voltage levels are 
compatible. No special handshaking 
signals are used; only the transmit data, 
received data, and ground are utilized. 

Interface to Big-Trak is accom- 
plished through port 2 of the Z8. These 
pins are labeled P20 through P27. The 
first or lower five lines transmit the key 
press code through level shifter-driver 
7407 to the controller. This port is 
directly accessible as register 2 inside the 
Z8. 

Bump . . . Bump . . . Bump. On to colli- 
sion avoidance: the ability of a moving 
object to detect and avoid the presence 
of an obstructing object in its path. Can 
we do that with Big-Trak? The answer 
is, we can do half with hardware, the 
rest is up to you. 
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Figure 9: BUMP collision circuit implemented with normally closed micro switches. The 9 V supply 
to the controller is interrupted when the bumper is hit. This action stops Big-Trak. 


BUMP is the thing that the BASIC 
subroutine package was testing back in 
listing 1 . 1 use it to signal the local con- 
trol processor that a collision has oc- 
curred. This is accomplished very 
simply. If power to the Big-Trak con- 
troller is interrupted, it will immediately 
cease operation. This method may seem 
crude, but because we have a higher in- 
telligence resident on the platform it is 
not necessary for Big-Trak to always be 
powered. After all we only use this 
board for motion, and when a collision 
occurs there is no motion. 


After detecting the bump, the local 
processor might command the platform 
to reverse direction, turn right one 
degree, and try again. This way you 
could design a program to send the 
vehicle off into a strange room, moving 
forward one length at a time. Upon col- 
lision, you could record the occurrence, 
go through the reverse and turn routine, 
and go on. After a while your machine 
will have “mapped” all the obstacles in 
the room and should be able to use 
adaptive intelligence to avoid them in 
the future. 


Interrupting the power to the Big- 
Trak controller has to be done as a 
momentary break. If you use micro- 
switches, some type of spring must be 
employed to push the vehicle back 
enough to disengage the switch so that 
appropriate reverse commands can be 
received. Figure 9 and photos 5 and 6 
illustrate the microswitch arrangements. 

The brackets are sheet metal, and 
they’re sturdy enough to withstand the 
impact of collision. Bumpers can be 
constructed out of any rigid material 
available: I chose wood. The design of 
the bumper should take into account 
the possibility of approaching an 
obstacle at an angle. Therefore the 
wrap-around implementation shown 
should be employed. 

Interfacing the bump signal to the 
local processor is accomplished with an 
opto-coupler. The absence of the 9 V 
level will trigger the BUMP latch to out- 
put a “1” logic level to I/O line P25. 
When this line is high, the Z8 will read 
a “32” decimal value, indicating a 
collision. 

The subroutine in listing 1 is expect- 
ing this interface to exist, however the 
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3 D-CELLS 



UNDER MOUNTED 
BATTERY PACK 


Figure 10: Power system schematic. This circuit depicts all the batteries used in the motion platform. 


signal BUMP could be routed to that 
external computer. You could interface 
it either way. Local control is not a 
necessity. The collision circuit could be 
added to the schematic in figure 7 if you 
were content to control the platform 
from your computer. 

All of the motion commands can be 
implemented in this way, but the length 
of movement would be restricted to the 
length of the cable connecting the two. 

Signal When Done. Earlier I spoke of 
the inclusion of a done indication. This 
is necessary when sending a string of 
commands. The Big-Trak controller 
will not allow keyboard entries while in 
the process of controlling the motors. 
An indication that it is ready for a new 
command would be helpful. This can 
be accomplished through the use of Big- 
Trak’s built-in out command. 

Using this signal can be tricky — even 
though the out command is indeed the 
last one, a short burst of tones are out- 
put after Big-Trak completes a se- 
quence. This burst lasts approximately 
2.5 seconds, so if you have a fast com- 
puter looking at the done signal you will 


have to wait for the tone signals to sub- 
side before sending data to the con- 
troller. In BASIC this could be ac- 
complished through the use of a FOR- 
NEXT loop. 

Using Local Control. Now that we 
know how to connect a local processor 
to the platform, let’s see how to use it. 
There are eight basic statements or 


commands in Z8 BASIC. They are: 

GO @ LET 

GOSUB-RETURN PRINT 

GOTO IF-THEN 

INPUT IN 

Although this list appears small, there 
is a lot you can do with the language. 
Let’s look at the LET statement. The 
syntax or way you enter the command 


Fluke 1780A InfoTbuch Display 

New Touch-Sensitive Interface for 
Robotic Systems 



CIRCLE 10 


The 1780A InfoTbuch Display is a versatile, touch- 
sensitive display that allows you to easily tailor the 
human interface of any robotics system to your 
customers’ requirements. Up to 60 different locations on 
the display can be software activated to respond to 
touch. So you can virtually reconfigure the front panel of 
your system for each different step of the program. This 
gives you better control of how the operator interfaces 
with the system throughout the entire operating 
procedure. 

The 1780A uses a standard RS-232-C interface and 
ASCII code, so it’s simple to integrate into your present 
or planned systems. And it’s also priced at less than 
$1500 in quantities greater than 100. Take a closer look 
at the advantages of Touch Sensitive Technology for your 
next factory automation system. Call us at 1-800-426-0361 
for more information. Or contact your local Fluke 
representative for a demonstration. 
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IN THE U.S. AND NON- 
EUROPEAN COUNTRIES: 
John Fluke Mfg. Co., Inc. 
P.O. Box C9090, M/S 250C 
Everett, WA 98206 
(206) 356-5400, Tlx: 152662 
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Fluke (Holland) B.V. 

P.O. Box 5053, 5004 EB 
Tilburg, The Netherlands 
(013)673973, Tlx: 52237 


For more information circle no. 
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is as follows: 


LET Variable = Variable 

Z8 BASIC allows many variations on 
this standard statement. For example, 
if you want to write a zero to port 2 
(which is register 2) simply state @2 = 0. 
This statement is a variation of LET. In 
fact, any memory or I/O location can 
be accessed by this command. Not only 
that, but the number to the right of the 
equals can be decimal or hexadecimal. 

You can read any location by revers- 
ing the order: 

X = @2 

With this command the information 
coming into port 2 will be read into 
variable X. So with the LET statement 
you get a PEEK and POKE command 
for free. 

GO is similar in that its use is 
somewhat non-standard yet powerful. 
To call a machine-language subroutine 
you type: 

GO@ Address, X,Y 

The address may be in decimal or hex- 
adecimal, and the two variables, X and 
Y only represent the names, can pass in- 
formation on to that routine. 

I’m not going to go over all the in- 
structions, as that could take an article 
in itself. I will recommend that you con- 
tact your local Zilog representative and 
ask for a copy of the Z8 technical 
manual and the Z867 1 BASIC/DEBUG 
Reference Manual. These two books 
and a copy of their applications note en- 
titled Z8671 Seven Chip Computer will 
enable you to become an expert in a 
very short time. 

Although I’m not going to rewrite 
the programmer’s manual, I will share 
a motion subroutine package for the 
Z8. Listing 2 follows the main control 
flow already addressed with listing 1 . 
The Z8 does not allow strings, so the 
command has to be called using a 
number. 

Lines 30140 through 30170 check for 
DONE and BUMP. I have included no 
delay after acquisition of DONE. This 
should be added with a FOR-NEXT 
loop after Z = 1 on line 30150. 

With this package running in your 
program, you have a self-contained 
wandering robot that bumps into walls. 
Listing 3 gives an applications example. 
In this program the platform will ad- 
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Listing 2: Motion subroutine package written in Z8 BASIC. 


* Z-8 COMMAND FORMAT: C = COMMAND V = VALUE OF LENGTHS 

* 1 = MOVE 

* 2 = LEFT 

* 3 = RIGHT 

* 4 = FORWARD 

* 5 = BACKWARD 

* 6 = PULSE 

* 7 = REPEAT 

30000 REM 

30010 REM MOTION PLATFORM SUBROUTINE PACKAGE 
30020 REM 

30030 REM FOR Z-8 BASIC COMPUTER 

30040 REM 
30050 REM 

30060 @246 = 96: @2 = 128: @2 = 0:Z = 0:T = 0 
30070 REM 

30080 REM SEND CLEAR TO INITIALIZE PLATFORM 
30090 W = 1 : GOSUB 30390 
30100 REM 

301 1 0 REM COMMAND INTERPRETER 
30120 REM 

30130 IF C = 1 THEN GOTO 30200 

30140 IFC = 2THENW = 26: GOTO 30200 

30150 IFC=3THENW = 10: GOTO 30200 

30160 IFC = 4THENW = 17: GOTO 30200 

30170 IFC = 5THENW= 18: GOTO 30200 

30180 IF C = 6 THEN W = 9: GOTO 30200 

30190 IF C< > 7 THEN “NO SUCH COMMAND”: STOP 

30200 REM 

30210 REM VARIABLE VALUE HANDLER 
30220 REM 

30230 IF V< =9 THEN D = V: GOSUB 30550 

30235 U = D: GOTO 30260 

30240 D = V/10: IF D = 0 THEN GOTO 30250 

30245 GOSUB 30550 

30247 T= D 

30250 D = V-(T*10): GOSUB 30550 
30255 U = D 
30260 GOSUB 30390 
30270 REM 

30280 REM FINISH TRANSMIT AND CHECK FOR DONE OR BUMP 
30290 REM 
30300 REM 

30310 X = @2: IF X = 0 THEN GOTO 30310 
30320 IF X = 32 THEN Z = 1: RETURN 
30330 REM 

30340 REM Z WILL BE A ONE IF A BUMP OCCURS 
30350 REM 

30360 IF X = 64 THEN RETURN 
30370 IFX = 96THENZ = 1: RETURN 
30380 REM 

30390 REM TRANSMIT ROUTINE 

30400 REM W = COMMAND WORD: T = TENS; U = UNITS OF VALUE 
30410 REM 

30420 @2 = W: C = 1: REM SEND COMMAND 
30430 GOSUB 30680 


IF T = 0 THEN GOTO 30470 

@2 = T: C = 1: REM SEND VALUE TENS DIGIT 


30440 
30450 
30460 GOSUB 30680 
30470 @2 = U: C = 1: REM 
30480 GOSUB 30680 
30490 @2 = 14: C = 1: REM 
30500 GOSUB 30680 
30510 @1 =6: 0 = 1: REM 
30520 GOSUB 30680 
30530 RETURN 
30540 REM 
30550 
30560 
30570 
30580 
30590 
30600 
30610 
30620 
30630 
30640 
30650 
30660 
30670 
30680 
30690 
30700 


SEND VALUE UNITS DIGIT 
SEND OUT COMMAND 
SEND GO COMMAND 


REM DIGIT CONVERSION ROUTINE 
REM 

IF D = 0 THEN D = 22: RETURN 
IF D = 1 THEN D = 29: RETURN 
IF D = 2 THEN D = 21: RETURN 
IF D = 3 THEN D = 13: RETURN 
IF D = 4 THEN D = 28: RETURN 
IF D = 5 THEN D = 20: RETURN 
IF D = 6 THEN D = 12: RETURN 
IF D = 7 THEN D = 27: RETURN 
IF D = 8 THEN D = 19: RETURN 
D = 1 1 : RETURN 
REM 

REM COUNTER ROUTINE 
IF C = 5 THEN @2 = 0: RETURN 
C = C + 1: GOTO 30690 


Listing 3: Rover program written in Z8 BASIC to control path seeking platform. 


10 REM ROVER PROGRAM 

20 REM FOR Z-8 

30 REM LOCAL CONTROL 

40 REM 

50 C = 4:V = 1 .GOSUB 30000 

60 C = 1 

70 IF C = 10 THEN GOTO 90 

80 C = C + 1 :GOTO 70 

90 REM SEND FORWARD '1 ' COMMAND 

100 IF Z = 0 THEN GOTO 20 

110 REM IF A BUMP OCCURS 

120 C = 5:V = 1 :GOSU B 30000 

130 C = 1 

140 IF C = 10 THEN GOTO 160 
150 C = C + 1:GOTO 140 
160 C = 3:V = 5:GOSUB 30000 
170 C = 1 

180 IF C = 10 THEN GOTO 200 
190 C = C + 1 :GOTO 180 
200 REM BACKUP AND TURN RIGHT 
210 IF Z = 0 THEN GOTO 50 

220 REM IF NO MORE COLLISION THEN GO FORWARD 
230 GOTO 120 


vance one length forward, then check 
the condition of BUMP. If there has 
been no collision, the program repeats 
the forward command. When a colli- 
sion finally occurs, the platform is com- 
manded to reverse one length, turn 
right five points, then try forward 
again. This action will go on indefinite- 
ly until you stop it. Don’t forget to 
unplug the serial communications line 
from your computer to the platform to 
give it some freedom. 

Power. The local processor will have to 
be powered by another battery system, 
as the primary 9 V supply will be inter- 
rupted at collisions. A simple battery 
system supplying 4.5 V at 10 amp-hours 
can be built using three alkaline D cells 
connected in series. Figure 10 depicts 
the power system connection for the en- 
tire motion platform. 

Power used by the Z8 and its 
associated circuitry is approximately 
200 ma at 5 V. The battery unit is 
capable of supplying 1 amp for 10 hours 
continuously (10 amp-hours). If we do 
some calculations, the power system 
can supply operations voltage, 
theoretically, for 50 continuous hours. 
Actually the specifications on the bat- 
tery usually include a curve which 
shows the voltage output dropping with 
current used over time, so somewhat 
less than 50 hours can be expected. 

Thus far I’ve gone over the extensive 
remodeling of the Big-Trak toy, in- 
troduced motion BASIC, and shown 
you how local control can enhance the 
motion platform. There is one thing left 
to talk about. The cable used to pro- 
gram the unit is cumbersome, and it’s 
a pain in the neck to pull out after you 
start the robot. 

Also, you can’t stop the platform 
without the cable. Some sort of remote 
control would be nice. 

Radio channel and infrared light are 
two popular implementations. This is 
an area you can experiment with. Of 
course, the ultimate control would be 
your voice. Imagine telling the platform 
to go forward two lengths and watch it 
move. Future ideas? 

Next Issue. We will investigate all kinds 
of robot remote controls, concentrating 
on a complete voice controlled system 
that will allow the use of 100 different 
words! So much for the future. □ 
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THE PHYSICS OF 
ONE-LEGGED 
MOBILE ROBOTS 


An 

Exploration 
of Walking 
Machines 
and the 
Dynamic 
Balance 
Problem 


Part I: 
A 

General 

Discussion 


41 0 North Euclid #1 1 Pasadena, California 91 1 01 


Eric Saund 


R2D2 can log in to any computer in the galaxy, but 
C3PO can talk and he can walk; he is clearly the 
superior machine. Giving robots the ability to walk 
on legs would be a tremendous accomplishment 
because it would enable them to climb stairs, 
negotiate rough terrain, and maneuver in most 
human environments. 

The technical difficulties in building a walking 
machine are formidable. Data must be integrated 
from a variety of sensors and actuators, it must ac- 
curately transduce control signals into forces on 
limbs, and between these processes, an information 
processor has to evaluate sensory input and generate 
appropriate motor output commands. This article at- 
tempts to discuss some of the control problems 
associated with legged locomotion and introduces a 
few approaches to tackling them. 

Walking, whether by animal or machine, depends 
on controlled movement of legs which are attached 
to a main body. Since the body’s center of gravity 
is typically above the ground, some means for 
balance must be provided. The simplest method of 
balance, called static balance, requires that at least 
three legs support the body at all times, and that 
when viewed from above, the center of gravity 
always lie inside the polygonal region formed by the 
points where the feet touch the ground. The lobster 
is a statically balanced walker. Several man-made ex- 
perimental walking machines having four or six legs 
have been developed with some success, but because 
of the need to maintain absolute stability at all times, 
statically balanced locomotion is severely limited in 
speed and maneuverability. Higher animals have 
overcome these limitations by the use of dynamic 
balance. 

Dynamic balance poses a much more difficult con- 
trol problem because it demands constant active con- 
trol of leg and body movements in order to maintain 
stability. As each of the legs assumes weight in turn, 
the body’s center of gravity may shift outside the 
center of support provided by the legs. In fact, only 
one leg or even no legs may be touching the ground 
at any given time. Dynamic balance requires atten- 
tion not only to position and force, but also to the 
temporal aspects of limb control. In short, if you 
don’t put your foot down in the right place at the 
right time, you will fall down. 


At this stage in the history of understanding in- 
telligent mechanisms, only the slightest dent has been 
made in the dynamic balance problem. There is no 
“engineering solution’’ which can be plugged into 
any robot with legs given only a powerful enough 
computer, because no one understands how dynamic 
balance works — we don’t know how animals main- 
tain dynamic balance, and we don’t know how to 
compute control signals for leg actuators which will 
make a machine stand or walk or run. 

The simplest dynamic walking machine would 
have only one leg whose motion could be restricted 
to pivoting and moving up and down with respect to 
the body, as shown in figure 1 . This configuration 
amounts to what is commonly referred to as a pogo 
stick. To further simplify the problem, we may con- 
strain the pogo stick to move in a vertical plane 
(up/down and right/left) but not in and out of the 
page. Such an experimental device has been built by 
Dr. Marc Raibert of Carnegie-Mellon University 
who has pioneered research on dynamic balance. 
His machine actually rides on an inclined plane, sup- 
ported by frictionless air bearings, and is controlled 
by an off-board computer. While experimental 
devices such as this one are the first step toward 
general dynamically stable walking machines, certain 
crucial aspects of the dynamic balance problem can 
be studied without experimentation on actual hard- 
ware. 

As anyone who is familiar with robots will under- 
stand, a physical pogo stick presents an array of 
problems associated with sensing the position, orien- 
tation, and velocity of the leg and body, and with the 
control of mechanical actuators. We may sidestep 
these issues and isolate the control problem itself by 
performing a computer simulation of a one-legged 
walking machine. Fortunately, the physics of a pogo 
stick are fairly simple to model mathematically (see 
part II next month) and are computable by numerical 
integration of a few differential equations. 

The result of a computer simulation of a physical 
one-legged walking machine can be used as a black 
box — the user inputs the same control signals that 
would be sent to a real pogo stick, and the computer 
cranks through one time increment after another, 
following the laws of physics and displaying the 
simulated positions, velocities, and forces a real 
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machine would experience (see figure 2). In a 
computer-simulated pogo stick, we can always read 
angles, velocities, and any other important 
parameters we may wish to know which may be dif- 
ficult to measure in a real machine, and we can 
always be sure that simulated motors will work as 
commanded. Once we have designed a controller 
which achieves dynamic balance in a computer 
simulation, we can deal with the real-world problems 
of sensors, actuators, bearings, and transistors. 

Pogo Stick Control. The simplified pogo stick hop- 
ping in a plane is an excellent model problem for in- 
vestigating dynamic balance. The statement of the 
problem is simple, and the mathematics are tract- 
able, yet the problem clearly demands active control 
which will provide dynamic stability. It is easy to see, 
intuitively, what is going on. 

First, consider what happens when the pogo stick 
is hopping in one place. Assume that the leg contains 
a spring. As the pogo stick lands, the spring com- 
presses and creates an upward force, eventually caus- 
ing the pogo stick to take off. In an actual physical 
device, because of friction, energy will be lost which 
must be replaced by an extra push upward on 
takeoff. For our purposes in computer simulation, 
we may neglect this factor and assume a perfect 
spring. 

Suppose that while the pogo stick is in the air it has 
some horizontal velocity, V. If the leg is perfectly ver- 
tical upon landing (leg angle 0 = 0), the leg will tilt 
over to some angle ( 0 i= 0) while the pogo stick is on 
the ground. The force of the spring will have a 
horizontal component which will cause a horizontal 
velocity greater upon takeoff than the horizontal 
velocity of the previous landing. 

Clearly, in order to achieve stability (that is, in 
order to keep the horizontal velocities of successive 
takeoffs from growing uncontrollably), we have to 
make sure that the pogo stick lands with the leg at 
some angle other than zero. The greater the horizon- 
tal velocity at landing, the greater 0 has to be to con- 
trol the horizontal velocity at the ensuing takeoff. 
Conversely, if the horizontal velocity is 0 at landing, 
by giving the leg some nonzero landing angle (0^ 0), 
we can make the pogo stick take off with nonzero 
horizontal velocity, causing it to move right or left. 
So, in this simplified reduction of the problem, we 
can control a pogo stick by controlling the angle of 
the leg when the pogo stick lands. The problem is in 
choosing a leg landing angle to make the machine do 
what we want. 

Suppose now that we are given the task of control- 
ling a pogo stick which has just left the ground with 
horizontal velocity, Vp We know that the pogo stick 
is going to land soon, and we assume that we can use 
the perfect actuators of our computer simulation to 
specify the landing angle of the leg (0j) to be whatever 
we please. We are to choose 01 such that the next time 
the pogo stick takes off it will have horizontal veloci- 


ty (Vt). In mathematical terms, the takeoff horizon- 
tal velocity is a function of the landing horizontal 
velocity and leg angle. 

V t =F(Vl,0l) (1) 

It would be convenient to have this function ex- 
pressed in such a way that we could plug in Vj and 
the desired Vt and out would pop the required 0p Un- 
fortunately, this is not possible because there is no 
closed form solution to (1). F is not expressed 
analytically, rather, it is only computable through 
numerical integration of a system of differential 
equations which effectively give Vt as a function of 
Vi and 0p but not 01 as a function of Vi and a desired 

v t . 



Figure 1: One-legged 
walker. 



Figure 2: Sketch of computer-generated hopping simulation. 
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Figure 3: Three- 
dimensional plot of the 
function F; takeoff 
horizontal velocity, V t , 
versus landing horizon- 
tal velocity, Vj, and lan- 
ding angle, F can be 
approximated by a 
plane in a simple hopp- 
ing controller. Flat 
areas are regions of 
saturation indicating 
certain loss of balance. 


RESULTING 

TAKEOFF HORIZONTAL 
VELOCITY, V t 



Figure 3 is a plot of F for some pogo stick with 
realistically chosen parameters of mass and geometry 
(data was collected through numerical integration 
with 2400 sets of starting conditions). Evidently, F 
can be fairly closely approximated by a plane. 

V t = F(Vi,0D = A V1 + B0i + C + £(Vi,0i) (2) 

but C = 0, £ is small, so: 

V t ~A vl + B0j (3) 

Following this linear approximation of F, we can 
easily choose a required Q\ according to the desired 

v t . 

V tdesired -A Vl 

01 = ( 4 ) 

B 

This sort of simple linear control law for choos- 
ing landing angle 0\ is successful at maintaining 
dynamic balance in a computer simulation of a pogo 
stick. The linear approximation is close enough to 
the actual F so that actual takeoff horizontal velocity 
will converge to a constant horizontal velocity within 
a few hopping cycles, although this stable horizon- 
tal velocity may err slightly from the desired horizon- 
tal velocity, Vt desired which was plugged into (4). 
Figure 4 plots a sample one-legged walking trial. 

Using Lookup Tables. Suppose that we weren’t 
satisfied with using a linear approximation to F 
which results in a takeoff horizontal velocity errant 
from the desired Vt desired , or suppose F were such a 
convoluted function that a plane wouldn’t approx- 
imate it very well. An alternative to computing 
from the approximation to F would be to have stored 
the function F in memory, for instance, in a table of 
Vt versus Vj and 0j, and to look up answers by refer- 
ring to the table. This would be akin to storing the 
whole graph of figure 3 in memory. The lookup table 


approach is an alternative to analytical expression of 
control functions. 

In order to index into a lookup table, continuous 
values of some variables must be quantized, or 
segregated into bins. For example, if one index of a 
table were allowed to range from + 10 to - 10 (in 
some appropriate units), we might divide this dimen- 
sion into 20 bins of one unit width. Then, 11.3 units 
and 11.8 units, for example, would fall into the same 
bin and would be treated identically by the table. 

The more bins a variable is quantized into, the 
higher the resolution of that variable. The size of the 
table depends on the quantization of resolution and 
the number of parameters indexing into the table. A 
two-dimensional table of Vt versus Vj and 0i, for ex- 
ample, with parameters Vj and 0j, quantized into 50 
bins each, requires 2500 stored values of Vt. If we 
had a more complicated model of the pogo stick 
which needed a three-dimensional table, this number 
would jump to 125,000 stored values! There is 
necessarily a tradeoff in using lookup tables between 
the amount of quantization error one is willing to 
tolerate and the amount of memory space one is will- 
ing (or able) to consume. 

With lookup tables, it is easy to represent 
mathematically simple and many analytically 
misbehaved functions. In fact, the data entries in the 
table may be derived not from grinding through a 
necessarily imperfect mathematical model of walk- 
ing dynamics but by experiment on the particular 
machine one wishes to control. This opens the way 
for a form of “learning” in which the controller’s 
internal representation of a control function is ac- 
quired and corrected with experience as data is add- 
ed and altered in the lookup table. 

The prospect of finding some way for a controller 
to learn how to maintain dynamic balance is attrac- 
tive when we reflect that we may wish to implement 
dynamic balance control on walking machines 
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considerably more complex than a pogo stick — two- 
legged walkers with hips, knees, and ankles, for 
instance, for which the mathematical analysis may 
become horrendous at best. While lookup tables as 
such may not prove the answer here because they 
grow enormous with increasing numbers of param- 
eters, they offer a perspective on learning and com- 
puters not found in analytical approaches. 

The lookup table’s advantage in that it can easily 
store almost any function may turn to a disadvan- 
tage when it is applied to a particular task. A large 
part of the space in the tabic is liable to be wasted. 
In the case of the pogo stick, there is no need to know 
explicitly what happens when the pogo stick lands 
with large positive horizontal velocity and negative 
leg angle. The result will be an uncontrollably large 
horizontal velocity on takeoff and loss of balance. 
As long as we know that a crash will surely result 
from using a wholly inappropriate leg angle with the 
given landing horizontal velocity, we don’t care to 
know the exact value of takeoff velocity and will 
never need to use this piece of data in the table. It 
would be desirable not to have to provide memory 
space for this slot in the table in the first place. 

Unfortunately, there are few effective means 
available for efficiently organizing lookup tables 


method are equation (4), which allows direct calcula- 
tion of 0\ when W\ and desired Vj are plugged in, and 
table 1 , which gives as output the required 6\ index- 
ed by Vj and desired Vj. 

Alternatively, we may store or compute the 
takeoff velocity which will result from a given land- 
ing horizontal velocity and some choice of landing 
leg angle, 9\. This is expressed in equation (3), the 
linearization of F, and in table 2. These representa- 
tions constitute an internal model of the hopping of 
a pogo stick. An internal model expressed in this way 
does not give the required 6\ for a desired Vj 
straightaway. Instead, various values of 01 must be 
tried until the model says that an acceptable V\ will 
result. 

Though an internal model does not provide a way 
to arrive at an answer directly, unlike the I/O 
response representation, it allows the controller to 
perform experiments, internally, to see what the con- 
sequences of various control actions will be. 

Importance of Internal Models. The use of internal 
models serves two important functions. First, an in- 
ternal model which holds an estimation of the 
machine’s current state allows meaningful inter- 
pretation of sensory information. For a simple ex- 
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Figure 4: Hopping trail 
for computer- 
simulated, one-legged 
walker using simple 
control strategy of 
equation (4). Controller 
was commanded to 
maintain horizontal 
velocity of 0, .2, and .5 
(dashed lines) during 
the trial. 


which do not substantially lessen their flexibility. In 
the particular case of the function, F, a linear ap- 
proximation to F can be combined with a lookup 
table containing the residual errors. 

V t = F(Vi,0i) = A Vl + B0i + £(Vl,0l) i 

computed tabulated 

Since F is closely approximated by A*Vi 4- B *Q\, 
the errors, £, are likely to be small, so a relatively 
coarse table can be used to accurately account for 
them. 

From our consideration of the function, F, it is ap- 
parent that a controller can be structured around 
either of two strategies. In one case, we specify land- 
ing velocity and desired takeoff velocity and arrive 
directly at the required landing angle by calculation 
or by table lookup. Examples of this I/O response 


ample, imagine the forces you feel on your foot when 
walking. Suppose that as you are taking a step the 
pressure sensors on the bottom of your right foot 
sense pressure on the ball of your foot but not on the 
heel. What does this mean? If you know that you are 
climbing stairs, this might be exactly the force pat- 
tern that you would expect. If, however, you are 
walking on rough terrain, your pressure sensors 
might be indicating that you are stepping into a hole 
and had better react. Thus, the internally stored 
knowledge of the context of a situation allows inter- 
pretation of sensory feedback which may be am- 
biguous by itself. 

The second purpose of internal models is that they 
make planning possible. With the model of the 
takeoff horizontal velocity versus landing horizon- 
tal velocity and landing angle for a pogo stick (table 
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2), plus one more simple model of how far left or 
right a pogo stick with a given horizontal velocity 
travels in the air before it lands, a controller could 
plan in advance all of the control actions (landing 
angles) that it would need to move from any point 
A to any point B. 

Internal models become especially important 
when more sophisticated control is attempted. So far 
in our analysis of pogo stick control, we have con- 
sidered only the landing horizontal velocity, landing 
leg angle, and takeoff horizontal velocity. We have 
neglected the fact that the leg is connected to a body, 
and that the leg angle is controlled by a torque act- 
ing between it and the body. Actually, when the leg 
pivots about the body, the body also rotates. 

In a physical pogo stick, we must make sure that 
the body remains approximately horizonal. This 
presents somewhat of a dilemma. We wish to choose 
a landing leg angle which will result in both a desired 
takeoff horizontal velocity and an approximately 
level body angle. In other words, we wish to control 
two dependent variables with only one independent 
variable. The only way this can be achieved is by con- 
trolling the independent variable, the leg angle, over 
at least two successive hops. The first hop may give 
a horizontal velocity close to the desired value while 
throwing the body into a slight tilt. The second hop 
may be used to restore the body to a safe horizontal 
angle. An internal model of pogo stick hopping will 
allow the controller to try out “in its head” various 
sequential combinations of different landing angles 
as it formulates a plan to move horizontally at a 


desired average velocity while keeping the body suf- 
ficiently level. 

Determining System Performance. This more 
sophisticated control problem has raised a new issue. 
The controller is faced with choosing a series of land- 
ing angles to satisfy two goals — not only to move 
at some desired average velocity, but also to keep the 
body level. These goals may conflict with one 
another. At times, the body may be at such a tilt that 
the controller must choose a landing angle which will 
send the pogo stick in the wrong direction just to keep 
the body from hitting the ground; at other times the 
controller must be willing to sacrifice the goal of hav- 
ing a perfectly level body in order to move in the 
desired direction. Some means must be available for 
arbitrating between these goals so that they can both 
be achieved in the long run. One way of doing this 
is to define a performance index, some function 
which indicates how well the goals are being satisfied, 
which the controller should try to maximize over the 
long term. A simple example might be the function, 

I ^ W + (^modelled ^desired^ 

where (c p) is the body angle which we would like to 
keep near zero (0), and (V tmodelled - V tdesired ) is the 
deviation from the desired horizontal velocity. For 
a number of reasons this particular performance in- 
dex is too simple to work well. At the present time, 
the choice of performance indices is mainly a mat- 
ter of judgment and trial and error on the part of the 
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Table 1: Input/Output response organization of lookup table. Table is indexed by landing horizontal velocity, Vj, and 
desired takeoff horizontal velocity, V t . Contents of the table are landing leg angle, required to achieve desired takeoff 
horizontal velocity. 
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designer of the controller. 

Suppose, however, that a suitable performance in- 
dex has been defined. The controller is faced with the 
problem of choosing a sequence of outputs (leg land- 
ing angles) which will maximize the performance in- 
dex over some number of hops into the future, based 
on its internal model of the behavior of the pogo stick 
for any combination of landing angles. Depending 
on how far ahead the controller is going to look, 
there are many such combinations of sequences of 
landing angles from which to choose. The internal 
model of pogo stick behavior we have described can 
only evaluate one set of possible future landing 
angles at a time. 

It is conceivable that the controller could run 
through all possible combinations of landing angles 
(within quantization limits) and remember which 
combination gave the highest performance index. 
Since this is liable to be extraordinarily time- 
consuming, it would be desirable to adopt some sort 
of strategy to reduce the number of leg landing angle 
combinations for which the internal model will have 
to be used to compute performance indices. In this 
way, pogo stick control translates to an issue familiar 
to the artificial intelligence community: the search 
problem. 

The dynamics of pogo stick hopping are such that 
the parameter we wish to maximize, performance in- 
dex, is continuous over the search space of future leg 
landing angles. The maximum performance index 
can be visualized as residing at the top of a hill on 
a surface which plots performance index versus leg 


landing angles of successive hops. The search 
algorithm needs to find a combination of successive 
leg landing angles which, when plugged into the in- 
ternal model, gives a performance index at the peak 
of the hill. One way to do this is to employ a hill- 
climbing algorithm. 

Hill climbing involves directing the search by 
traveling in the search space in the direction of the 
steepest slope. The algorithm works by measuring 
the performance index at some temporary base loca- 
tion (particular sequence of landing angles) in the 
space, checking the performance index for neighbor- 
ing points in all directions, and taking as the next 
base location the neighboring point with the highest 
performance index. This process continues until no 
neighboring location has a higher performance in- 
dex than the base location, meaning that the current 
base location must be the top of the hill. 

Figure 6 shows the path of a hill-climbing algo- 
rithm on a hypothetical two-dimensional surface. 
Note that the surface in figure 6 actually contains two 
hills. The hill-climbing algorithm found the top of 
one of the hills, but since it operates only locally, it 
was unaware of the other hill, which happens in this 
case to be the higher of the two. If the algorithm had 
been started in the upper right portion of the surface, 
it would have found the higher hill. Unfortunately, 
though a hill climbing algorithm will find a local 
maximum in a search space, there is no way to 
guarantee that it will find the global maximum, and 
there may be no way of knowing where in the search 
space to start the iterative hill-climbing process so 
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Table 2: Internal Model organization of lookup table. Table is indexed by landing horizontal velocity, Vj, and landing leg 
angle, Contents of table are resulting takeoff velocity, V t . 


ROBOTICS AGE Sept/Oct 1982 43 


Figure 5: Hypothetical 
surface illustrating hill- 
climbing algorithm 
which iteratively moves 
to adjacent entry of 
greatest value. Note 
that because the 
algorithm started in 
lower right-hand corner 
it found a local max- 
imum which is not the 
global maximum. 



that the highest hill will be found. 

Though hill climbing is much more economical 
than evaluating the performance index at every 
location in a search space, it can become 
computationally expensive in large search spaces of 
many dimensions (corresponding to looking many 
hops into the future with the internal model) 
because the performance index in many directions 
(minimum 3 n_1 , maximum 3 n -2 n ) must be 


evaluated at each iteration. If a performance index 
is to be used in conjunction with an internal model 
of system behavior, an effective use of hill-climbing 
search techniques might be to zero in on an optimum 
control output after an I/O response algorithm or 
some other mechanism has issued a qualitatively ap- 
propriate plan. 

Future Research. There is no doubt that dynamically 
balanced walking control is a formidable problem. 
While satisfactory solutions are not available today, 
we might consider what attributes a suitable con- 
troller would have, and what advances would be 
helpful in developing such a control system. 

One major question is: How should the control 
function be implemented inside a computer? Two 
implementations have been mentioned in this arti- 
cle — analytical equations and lookup tables. Each 
of these has advantages and disadvantages with 
respect to speed of computation, memory re- 
quirements, amenability to modification or learning, 
and the ability to generalize the results of simple 
problems to more complex control problems. 
Though the computations performed by each type 
of implementation may sometimes be in principle 
similar or even identical to one another, the choice 
of computational approach reflects a conceptualiza- 
tion of the problem at hand and shapes the course 
of progress. 
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CIRCLE 11 






Even more fundamental is the distinction between 
I/O response control, in which appropriate outputs 
are computed directly from input specifications, and 
use of internal models to predict and plan control in 
advance, which requires search over the space of all 
possible control outputs in order to decide on the best 
control output. Perhaps a representation which 
could combine these approaches might allow the 
same set of data to be used to compute more or less 
directly a likely near-term control output, and to 
foresee the consequences of this and future outputs 
and variations of them for planning purposes. 

Any walking controller will rely heavily upon sen- 
sory feedback. Though an internal model may allow 
a controller to plan a number of steps in advance, it 
is unlikely that the machine will follow the modeled 
behavior precisely. The controller must monitor the 
state of the device and correct for deviations from 
planned trajectories in the same way that a conven- 
tional servo uses feedback from what it is control- 
ling. 

It is almost certain that a full walking controller 
will have some sort of a hierarchical structure. The 
lowest levels, processing of electrical signals from 
sensors and operation of servo loops on motors and 
actuators, will be under the supervision of some 
higher level which worries about where to step next 
and how to keep the body level. This will in turn be 
directed by a still higher level which is concerned with 


obstacle avoidance and what direction to walk in, 
and so forth. It is not clear how discrete these con- 
trol levels might be, or to what extent they should 
effuse into one another. Studies of biological 
locomotion suggest that low-level servo loops and 
reflexes along with intermediate-level I/O response- 
type sensory-motor programs establish the basic 
sensory-response and movement patterns for walk- 
ing. These functions are modulated by higher levels 
which need only modify the preprogrammed activi- 
ty slightly in order to carry out purposeful actions. 

Conclusion: As this discussion of the dynamic 
balance problem suggests, the simple act of walking 
is quite a neat trick. In trying to engineer a walking 
machine, we are forced to confront the sensory, 
motor, and information processing problems in- 
herent in the task. We are compelled to appreciate 
all the more the significance of what nature has ac- 
complished. Even if artificially intelligent computers 
are developed which can win the world’s chess cham- 
pionship or even understand human language, it is 
a safe bet that no robot will compete in the decathlon 
for quite some time to come. □ 


In the next issue , I present the mathematical for- 
mulas needed to calculate the motion of a hopping 
machine . 


STEPPER MOTOR - DRIVER BOARD - LINEAR ACTUATOR MOTOR 


Interface Your Computer to the REAL World 


INDISPENSABLE FOR ROBOTICS — MANY CONTROL APPLICATIONS 
OPTICAL ISOLATION — SCHMITT TRIGGERING — HIGH NOISE IMMUNITY 

• DRIVER BOARD 2003-DB Price... $49. 95 

Isolate your computer from the noisy world of stepper motors with our Optically-Isolated Driver 
Board. This Driver Board is ideal for controlling N.A. Philips Controls Corp. 12VDC Stepper Motors. 
Switching sequence is provided for all 2-phase, 4 winding unipolar motors. Direction of rotation is 


determined by "R" input. 

• Dimensions 

• Power Requirements 

• Digital Inputs (optically isolated) 

• Maximum Current per winding 

• Gold-plated fingers 

• Driver Chip (included) 

• For use with motors up to 48VDC 


4.5" x 3.8" x 0.83" 
9.5 - 18VDC 
4-20 VDC 
2 amps 

50 microinches over nickel 

SAA 1027 


Add $3.50 for edge connector. Add $6.00 for optional oscillator and potentiometer.. ,2003-DB-OP. 

Additional SAA 1027 Driver Chips.. .add $11.00 - sale price. 


• STEPPER MOTOR 101-SM (N.A. Philips K82701-P2) 
Sale Price. ..$1 7.00 




• Operating Voltage 

• Weight 

• Holding Torque 

• Rotation (Bi-directional) 

• Maximum Running Rate 

• Step Angle Tolerance 


12VDC 
8 oz. 
10.5 oz.-in. 
7.5° per step 
850 steps/sec. 
±0.5° (non-cummulative) 


LINEAR ACTUATOR STEPPER MOTOR 501-AM 

(N.A. Philips L92121-P2) Sale Price.. .$36.50 


• Operating Voltage 

• Weight 

• Maximum Force Exerted (energized) 

• Minimum Holding Force (unenergized) 

• Travel 

• Maximum Travel 

• Maximum Pull-in Rate 

• Maximum Pull-out Rate 

TERMS: All items guaranteed. Immediate delivery from stock. Check, money order, or C.O.D., U.S. Funds only. Add 5% for 
shipping and handling. (N.Y. State Residents: add 7 ] /*% sales tax.) Data and schematics included. 


12VDC 
1.5 oz. 
21 oz. 
40 oz. 
0.002" per step 
1 . 88 " 
425 steps/sec. 
650 steps/sec. 


P.O. BOX 56 
BELLPORT, NEW YORK 11713 
(516) 541-5419 
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Products 



Motion Control System 

Links Computer with Stepping Motors 


O wners of Apple, HP-85, Commo- 
dore, IBM and other small com- 
puters can now use their keyboards to 
control stepping-motor motion through 
two new Modulynx® interface cards 
available from B & B Motor and Con- 
trol Corporation. The RS232C and 
IEEE488 cards control stepping motor 
speed, direction, distance, accelera- 
tion/deceleration, pause times between 
moves, and axis designation. Each card 
controls up to six axes of machine mo- 
tion, allowing the user to create multi- 
axis machine control systems. Standard 
buffer memory is IK bytes expandable 
to 4K bytes. Both cards interconnect 


with other Modulynx cards, such as a 
digital indexer and a variety of stepper 
power-driver cards. On-board connec- 
tors eliminate the need for time- 
consuming interwiring. Interface cards 
can be custom-packaged or supplied 
with either card cage or 19-inch rack 
mounting kits. Custom motion control 
systems are also available. For a detailed 
applications-oriented catalog, contact 
Jack Wallace, Corporate Marketing 
Center, B & B Motor and Control Cor- 
poration, Apple Hill Commons, Bur- 
lington, CT 06013, (203) 673-7151. 
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Robotic Training System 
for Beginners 

r he BRT800 SERIES is a robotic 
training system manufactured to 
simulate industrial robotic conditions 
and allow students three levels of 
operator and maintenance training 
techniques. The series is a modular 
system, open ended in the sense that 
more advanced components and con- 
trols can be added at any time; trainers 
can be custom designed to fulfill 
customers requirements. Options, such 
as “fault insertion” packages allow the 
instructor to challenge the student by in- 
serting one or more typical faults into 
the system. The program is supported 
by users guides, student manuals (3 
levels of instruction) and instructor 
manuals. The BRT 800 helps students 
learn to integrate robots in systems in- 
volving robotic movement, gripper or 
end-effectors, a controller, parts feeder, 
and fixturing. Students also learn to 
work with various sensors and ad- 
justers. A software training package is 
part of the system. Options include a 
computer interface, manipulator kit, 
different grippers, programmable XY 
positioning module, and more. Contact 
Ampitronics, Inc., POB 133, Morton 
Grove, IL. 60053, (312) 965-3931. 
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A 68000 Single- Board Computer 


ntellimac Incorporated, 6001 Mont- 
rose Rd., Rockville, MD 20852, 
(301) 984-8000, has announced a 16-bit 
microprocessor based single board com- 
puter that combines the 68000 control 
processor 6 MHz with 128 K bytes of 200 
nsec scratch memory. 

The 68 Magnum was designed for ap- 
plications engineers, OEM’s system 
designers, hobbyists, and educators. The 
board features 16 K bytes of operating 
system EPROM, 16 K bytes of user 
EPROM, 2 RS-232 ports with selectable 
data rates, 1 Centronics-compatible 
parallel port (16 lines plus handshake), 
audio cassette serial I/O port, three 
16-bit programmable timers, reset and 
abort function switches. Included in 


the Magnum board’s firmware is the 
IN-MON operating system. IN-MON 
provides functions including moni- 
tor/debug, trace, assembly/disassembly, 
program entry/execution, file 
load/dump, and communications con- 
trol. By adding a power supply ( + 5 and, 
± 12 Vdc), a terminal, and an off-line 
storage device, you have an advanced 
1 6-bit microprocessor based computing 
system. The Magnum is plug-compatible 
with the 8 MHz 68000 and the new 256 
K bit RAM chips. EPROM-resident ver- 
sions of Extended Basic and Pascal are 
said to be available shortly. Each board 
is shipped with an RS-232C cable and 
100-page manual. The price is $745.00. 
CIRCLE 32 



arner Electric Brake and Clutch 
Company offers two multi- 
function timing modules for use with 
most Warner Electric-Visolux scanners 
and power supplies. Multi-function 
timers greatly increase the variety of ap- 
plications suitable for photoelectric 
scanners by providing automatically 
timed output response signals which can 
activate or deactivate any number of 
synchronized operations. Typical ap- 
plications utilizing timing functions in- 
clude counting operations, jam or emp- 
ty conveyor line detection, inspection 


and positioning applications, and fill 
level control. Warner Electric’s multi- 
function timers MCS-830 and MCS-836 
provide six timing ranges, .05 to 30 
seconds in length. Timing functions in- 
clude delay pull, delay drop, dual delay, 
one shot, delayed one shot, one shot 
drop, and delayed one shot drop. For 
complete information contact Steve 
Longren, Manager of Advertising, 
Warner Electric Brake and Clutch Com- 
pany, 449 Gardner Street, South Beloit, 
IL 61080, (815) 389-3771. 
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Learn to Repair Robots 
In Your Spare Time 

ndustrial Media, Inc., 6303-28th 
Street, SE Grand Rapids, MI 49506, 
(616) 942-7330, is now offering a 
CNC/NC and robotic repair training 
course. This audio/visual training pro- 
gram is designed to take maintenance 
personnel from a basic understanding of 
electricity to being a fully trained 
CNC/robotics repair technician. After 
completion, they will be capable of spot- 
ting problems, replace damaged circuit 
boards quickly and do chip-level replace- 
ment. The course is divided into ten- 
twenty minute modules and includes 
instructors guides and student exercise 
materials. This course can also be used 
as a preparatory course for trainees 
before they go to manufacturer’s 
schools. The complete course sells for 
$960.00. CIRCLE 34 


Motorized Robot Base 

he RB 1 robot base consists of four 
6-inch diameter steel hub wheels 
mounted on an aluminum frame. The 
wheels are connected by a steel roller 
chain and sprockets. One wheel on each 
side is driven by a 12 VDC gear-motor 
(16 RPM full load, 21 inch-pounds run- 
ning torque). By simultaneously running 
one motor forward and the other in 
reverse, the robot turns about its center. 
The completely assembled base is priced 
at $199, plus handling and shipping. For 
more information contact Gledhill Elec- 
tronics, P.O. Box 1644, Marysville, CA 
95901. CIRCLE 35 
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New Mouse Makes 
Movement Smooth and Easy 


he Hawley X063X Mouse, a high- 
resolution digital device, moves the 
cursor on a computer display screen in 
direct proportion to its own movement. 
The compact mouse rolls freely in any 
direction on any flat surface. It is equal- 
ly precise for smooth drawing or tracing 
curves. X and Y motions are relative to 
the mouse’s orientation, so the operator 
can use it in a position convenient for op- 
timum speed and comfort. A resolution 
of two hundred motion increments per 
inch of travel on each axis is possible. 
Proportion of mouse travel to cursor 
travel is software controlled to suit the 
application. Three buttons provide 


software-defined functions (selecting, 
activating, and toggling menu items or 
displayed objects). All outputs are stan- 
dard TTL, fully debounced. Power must 
be + 5 Volts @ 35mA from host 
equipment. 

The X063X Mouse is fully compatible 
with all standard HX mouse interfaces. 
Non-standard plugs are available to suit 
OEM’s. Case and button colors can be 
custom-matched to hardware. The 
mouse is available in unit quantities at 
$415 each. For more information contact 
the Mouse House, a division of Hawley 
Laboratories, 1741 8th St., Berkeley, CA 
94710, (415) 525-5533. CIRCLE 36 


INDUSTRIAL 

ROBOTS: 

A Survey of Foreign and 
Domestic U.S. Patents 

he National Technical Informa- 
tion Service, an agency of the U.S. 
Federal government, has just announced 
a publication of interest to any research 
and development in applied robotics. 
This survey is designed to help robotics 
researchers determine the direction of in- 
dustrial robot invention and it also 
highlights likely sources of robotics in- 
ventions. The report is written by the Of- 
fice of Technology Assessment and 
Forecast, of the U.S. Patent and 
Trademark Office. It contains 212 U.S. 
patents disclosing industrial robot 
technology. In addition to microfiche of 
the full text of the patents, the report in- 
cludes the front page and first page of the 
specification of each patent. The front 
page of each patent provides biblio- 
graphic material, such as the inventor, 
company owning the patent, abstract 
describing the invention, and an illustra- 
tion of the invention. How the patented 
invention is an improvement over prior 
inventions is described in the first page 
of the patent specification. In each of 
eight areas of robot technology, a table 
summarizes and ranks the primary goals 
of the inventions and lists the patent 
numbers. For example, under “Control 
and Positioning Systems” a table lists 19 
patents whose objectives are to increase 
the accuracy and position control of the 
robot movement. The report presents 
summary data on the distribution of 
patents by country, company, and area 
of robotic technology. The price of In- 
dustrial Robots to customers in the U.S. , 
Canada, and Mexico is $95.00, for all 
others the price is $190.00. The order 
number is PB-169269. Customers with a 
major credit card or NTIS deposit ac- 
count can place orders by calling (703) 
487-4650. Orders should be addressed to: 
National Technical Information Service, 
5285 Port Royal Rd., Springfield VA 
22161. 
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Sorbomat ML 710 Manipulator 


J he Sorbomat manipulators with 
fixed strokes are composed of 
standard modular elements which can be 
assembled into different configurations. 
These manipulators automate position- 
ing, loading and unloading operations 
for machine tools. The manipulators are 
solidly built and sturdy enough for inten- 
sive work in difficult industrial situa- 
tions. They are pneumatic or hydraulic 
and can be controlled by wired logic, 
electronic sequencer or programmable 
and numeric controllers. The Sorbomat 
can be programmed axis by axis deliver- 
ing a choice of high performance 
manipulators or robots at a minimum 
cost. For more information contact 
Sormel, PO Box 939, Old Lyme, CT 
06371-0939, Telephone: (202) 434-8740, 
Telex: 99225 AQUABAR OLLM. 
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Cambridge Automatic Enters Robotics 


A Pneumatic Locking 
Positioner With 
Hydraulic Characteristics 

meropean Corporation announces 
the Staloc, a new concept in 
pneumatic cylinders: the locking posi- 
tioner. The cylinder piston rod houses a 
self-contained hydraulic damping and 
positive locking device. Air pressure to 
the cylinder automatically releases the 
rod and moves it with a controlled steady 
motion. When the air is shut off, the rod 
once again automatically locks into posi- 
tion. The hydraulic control feature 
allows the air cylinder to be locked 
positively in an infinite number of posi- 
tions and with great accuracy. The 
cylinder has a built in fail-safe feature as 
the hydraulic lock is automatically ap- 
plied if the air supply is accidentally 
disconnected. Cylinders are available 
with 100 mm (4") to 400 mm (16") 
strokes and in 50 mm (2") and 80 mm 
3-1/8") diameters. For more informa- 
tion write to Ameropean Corporation, 
71 Hartford Turnpike South, Wall- 
ingford, CT 06492, 203-265-4648. 


C ambridge Automatic Division of 
Eyelet Tool Company, announces 
its Intelligent Interface logic control 
package. This feature is adaptable to the 
company’s full line of inserting heads, 
and interfaces to Cambridge 
Automatic’s microprocessor-controlled 
positioning systems, to obtain these 
programmed-response 
characteristics: 
pressure sensing/ 
compensation; missing 
pin sensor/search 
mode; polarity test/lead 
orientation correction; 
continuity test/eject mode; 
clinch test/computer feedback 
loop. These test/response 
features are available on 
Cambridge Automatic’s three 
basic lines of high-speed, fully 
automatic machines. The Intelligent In- 
terface permits heavy-duty inserting 
machines to eliminate up to 90 percent 
of downtime caused by most common- 
ly experienced insertion faults. For fur- 
ther information contact Davis Spencer, 


Cambridge Automatic, Division Eyelet 
Tool Company, 15 Erie Drive, Natick, 
Massachusetts 01760, (617) 653-9002. 
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Absolute Optical Encoders for Industrial Robots 


MI Motors offers an absolute 
optical encoder suitable for 
industrial-robot applications. Providing 
a unique digital parallel output for every 
shaft position, the information is not af- 
fected by power failure or noise so the 
system need not be re-zeroed. The PMI 
encoder features an extra-heavy bearing 
structure for high radial and axial loads. 
Output from the encoder is data-bus 
compatible. A microprocessor can be us- 
ed to strobe the encoder for position in- 


formation using a TTL-enabling 
signal. This feature permits the use of a 
single data bus in multi-axis, multi- 
encoder systems, thereby reducing cable 
lengths and system complexity. The in- 
tegral electronics includes a custom- 
designed LSI IC chip. The square-wave 
output is TTL or CMOS compatible. 
The open collector output has built-in 
short-circuit protection. With the use of 
a single-turn encoder disk, resolution is 
2' 4 bits (16,384 PPR); with a multi-turn 


disk, resolution is 2' 8 bits (262, 144 ppr). 
Dimensions are: diameter 4.0 inches, 
length 4.3 inches. A smaller Model 
CO-40 absolute optical encoder has a 
resolution to 2 9 bits (512 ppr); diameter 
is 1 .6 inches, length is 2.4 inches. For fur- 
ther information, contact Jim Chandler, 
PMI Motors, Encoder Group, 5 Aerial 
Way, Syosset, N.Y. 11791, (516) 
938-8000. 
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Motion 80 Motion Controller 



r he Motion Control Division of 
Contraves Goerz Corporation, 
Pittsburgh, PA. is offering the Motion 
80 controller, a microprocessor-based, 
closed-loop, digital, motion-control 
device that can store specific motion- 
command sequences and execute the 
program repetitively on command. Mo- 
tion 80 features an incremental point-to- 
point positioning system with an optical 
encoder as feedback position transducer. 
Because the Motion 80 system employs 
the RS-232 interface, it communicates 
readily with computer and program- 
mable logic controller equipment. No 
special software or programming techni- 
ques are required. Motion 80 is an easy 
to install self-contained unit. 


By reducing a machine’s time to com- 
plete movements, Motion 80 increases 
machine productivity. When used in 
conjunction with Contraves servo ampli- 
fiers and motors, Motion 80 is capable 
of a wide range of torque-and-speed out- 
puts. This flexibility enables the system 
to fulfill nearly all power demands of 
automated industries. 

The Motion 80 system uses Motion 
Control Programming Language 


(MOCOL) developed by Contraves to 
achieve complex motions with simple 
commands. The simplified command 
system results in considerable savings in 
time and cost of machine instruction. 
Details can be obtained by contacting 
Louis Giuliani, Advertising Manager, 
Motion Control Division, Contraves 
Goerz Corporation, 632 Fort Duquesne 
Boulevard, Pittsburgh, PA 15222. 
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Color-Vision System 

he ASC Color-Vision System is 
available for color image process- 
ing, pattern recognition and robotics 
control applications, including 
CAD/CAM, automatic assembly, prod- 
uct identification and sorting, dimen- 
sional gauging/inspection, quality 
control, process surveillance and 
graphics display. 

Color/vision processing features of- 
fered include solid-state cameras and op- 
tics units, high-resolution video digitizers 
for color/gray level, dual-processor 
microcomputer systems, for real-time 
data analysis, high-speed image process- 
ing software/firmware, multi-color or 
B&W graphics displays for digitized video 
images and I/O interface adapters for 
automation control. 

Other special cameras available in- 
clude tri-color or B & W vidicon, and 
CCD array and infra-red cameras. The 
digitized resolution is user-selectable at 
densities for 512x480 to 128 x 128 pix- 
els, with 16 to 64 gray levels, full-color 
or B & W imaging. Options are available 
for selective pixel sampling and image 
correlation of IK to 32K pixels, high- 
resolution digitizing to 2048 x 2048 pix- 
els and multi-color display outputs for 
video monitors, spectral printers, plot- 
ters or projection TV and CATV 
systems. 

The ASC systems CPU’s are 
8085/8088 dual microcomputers. System 
programs may be executed on both 
microcomputers. Included in the system 
is up to 256K bytes of RAM. This system 
memory may be expanded to a total of 
16MB. 

Vision Systems expansion options are 
available for 16/32 bit multiprocessing 
microcomputers, incorporating Intel 
8086, Motorola 68000 or DEC LSI- 
11 /23 central processors. 

The ASC Vision Systems include im- 
age processing software for video array 
analysis, pattern recognition, 3-D im- 
agery enhancement and correlation, 
graphics and plotting, and automatic in- 
spection, sorting or manipulation. The 
software can be resident in PROM or 
RAM or two quad density disk drives in- 


corporating CP/M or MP/M operating 
systems. 

Optional development software in- 
cludes multi-processing operating 
systems, image analysis algorithms, 
macro-command languages, compilers 
and assemblers, data editors, graphics 
utilities, disk operating systems and data 
communications support. 

Optional features include I/O 
adapters for graphics displays, CRT’s 
and light pens, plotters and printers, 
automation interfacing, robotics con- 
trols, system consoles and data transmis- 
sion. These adapters are useful for 
control and automation synchronization 


Computer Vision 

n Prentice-Hall’s newly published 
Computer Vision , authors Dana H. 
Ballard and Christopher M. Brown ex- 
plore the construction of useful descrip- 
tions of physical objects from images. 

In this book, Ballard and Brown as- 
sert that the challenge of computer vision 
is one of explicitness. Many factors are 
involved, including the extraction of 
basic information from an image and the 
methods of incorporating prior knowl- 
edge about the world into the under- 
standing process. Computer Vision is 


in production assembly, parts handling 
and inspection applications. 

Remote I/O interface adapters are of- 
fered for high-speed communications to 
host computer systems and program- 
mable controllers used in robotics or 
automation control operations. The Vi- 
sion System is available in a rugged 
NEMA package for automation installa- 
tions, or in a portable enclosure for 
remote operations. 

For more information contact 
Applied Systems Corporation, 26401 
Harper Ave, St. Clair Shores, Mich. 
48081. 
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about the representations and mechan- 
isms that allow image information and 
prior knowledge to interact in image 
understanding. Throughout, mathemat- 
ics takes a backseat to concept; the result 
being a transmission of ideas to the 
widest possible audience. Computer Vi- 
sion challenges readers to think, criticize, 
read further, and quickly go far into the 
realm of artificial intelligence. Com- 
puter Vision is available from Prentice- 
Hall, Inc., Englewood Cliffs, NJ 07632. 
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Robotics Classified Advertisement Order Form 

Robotics Age classified advertisements reach thousands of peo- All classified advertisements are prepaid and accepted on a first 

pie interested in designing and developing intelligent machines. To come, first served basis for publication in the next available issue, 
place a classified ad simply fill out the order form below and mail Publishers reserve the right to reject any advertisement, 

to Robotics Age , Strand Building, 174 Concord Street, Peter- 
borough, N.H. 03458. The current word rate is $0.50 per word and 
can be paid by check, MasterCard, or VISA. 
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X $0.50 

= Total Cost: 


Payment: 

MasterCard 

□ 

VISA □ 

Check 

□ 


Name: Card Number: 

Company: Interbank Number: _ 

Street: Expiration Date: /. 

City /State: ZIP: Signature: 
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Datacube boards give your CPU 
video I/O capability. . . economically. 



Put sight in your present system by mating your computer with our 
Video Graphics boards. They digitize and display information in real time 
from standard video cameras for MULTIBUS" and Q-BUS™ systems . . . 
without host computer intervention. 

Datacube boards provide reliable, low cost vision for robotics, 
inspection, medical imaging, teleconferencing, animation, etc. Available 

for both monochrome and color 
monitors. 

See how easy it is to make 
your computer see like a hawk. Call 
or write Datacube Incorporated, 

4 Dearborn Road, Peabody, 

MA 01960, Telephone: 

(617) 535-6644. 



Datacube 
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for fast response today! 


Name 
Company 

Street 

City 

Phone _ 

□ Send more information. □ Send 68 MAGNUM @ $745.00 plus 

$5.00 handling 

□ Send 68 MAGNUM MANUAL @ $10.00 

□ Check enclosed □ Visa/MC # Exp. Date 


INTELLIMAC 


State 


Intelligent Machines 


INTELLIMAC, Inc. 

6001 Montrose Road • Sixth Floor 
Rockville, MD 20852 • Phone: 301/984-8000 
TWX: 71Q-828-9800 • Cable: INTELLIMAC 
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INTELLIMAC, Inc. 

6001 Montrose Road • Sixth Floor 
Rockville, MD 20852 • Phone: 301/984-8000 
TWX: 710-828-9800 • Cable: INTELLIMAC 
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